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PREFACE TO THE THIRD AMERICAN 

EDITION. 



It is naturally gratifying to the author of this laboratory 
text-book to learn that a third American edition is called for. 

Originally for some time in use in manuscript form in the 
laboratory classes in Qiieenwood College, probably the oldest 
of the science colleges in Great Britain, the treatise gradually 
developed into a form in which it appeared probable that it 
might be more extensively useful, and the reception of the earlier 
Euglish editions fully warranted this expectation, while the 
adoption of the book in America gives further guarantee 
that the general treatment of the subject and the specialties 
advanced by the author have been duly appreciated. 

While retaining in this revision the systematic treatment of 
the subject, every effort has been made to render the work as 
complete and intelligible as possible with due consideration to 
the conciseness necessary in a laboratory guide. The gradual 
development of the subject, the use of the condensed or abbre- 
viated formula and of analytical tables arranged in the most 
practical form for convenient reference, it is hoped, will facili- 
tate the student in his comprehension of the subject. 

The teacher or student will be best guided in using the book 
for any special purpose by glancing down the pages of con- 
tents, which immediately follow the preface. It will be seen 
that the book is divided into seven sections : in the first of 
which some simple directions are given for preparing for use 
the apparatus, a list of which faces the first page of the sec- 
tion. A student may reasonably commence his laboratory 
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work by looking through his stock of apparatus and preparing 
it according to the directions given in this section. 

In the second section the preparation of certain gases is 
described, and experiments illustrative of their properties are 
detailed. By carefully working through this section the stu- 
dent will acquire skill in manipulation and will gain some 
knowledge of the fitting and use of apparatus. 

The third section prepares the worker for chemical analysis 
by a description of the most important methods and processes 
employed in qualitative analysis. In the present edition a 
working description of the spectroscope is included in this 
section. 

The reactions which are employed as tests and methods of 
separation in qualitative analysis are contained in the fourth 
section, and these are systematically tabulated and stated 
at the end of each group of metals. Alter having worked 
carefully through these tests, the student j)r()cee(ls to use them 
in a suitablv sv^teinatized and tabulate<l form in the fifth sec- 
tion for the detection of the constituents of simple salts, or in 
the sixth section for the analysis of any liquid or solid inor- 
ganic substance. 

At the end of the sixth section the reactions of the rarer in- 
organic substances and of certain organic substances are given. 

The seventh section consists of information c(mcerning the 
fittinjrand furnishing of the chemical laboratory. This is of ne- 
cessity brief, but, nevertheless, many of the improvements made 
in recent years nre at least noticed. The frontispiece illustra- 
tion of the book repn^eiits one bloek of the students' labora- 
t'jry l>eiii'he.s at the Fniversity rollejre, NottinL'ham, and a 
(•.'Ueful insMeetion of tlu' <l(t:iils of this eiijrravinjr will reiuler 
iiiiiHite description unnecessary. 

The seventh section nlso contains lists of apparatus, chemi- 
cals and reajrents, together with methods of preparing s<du- 
tions an<l certain special reagents, and other information which 
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experience has proved to be of considerable value in maintain- 
ing a laboratory in a state of efficiency for students' work. 

The analytical methods selected have been thoroughly 
proved by myself and by large numbers of my students ; they 
have been selected from amongst those available for the purpose 
on account of their accuracy primarily, rapidity and ease of 
execution having been held as being of secondary importance. 
That the methods of separation should be in every case quan- 
titative is not to be expected ; when the object is to make a 
rapid and accurate qualitative examination of a substance, it 
would in some cases at least involve unnecessary and unpar- 
donable waste of time to insist on quantitative methods, more 
especially since the tests by flame coloration and spectroscopic 
examination have been developed. In certain cases, however, 
the quantitative process is the best also for qualitative analysis, 
notably in the decomposition of silicates by the admirable 
method of Lawrence Smith. 

In the present edition the original plan of the book has been 
maintained, but in details it has been considerably amended 
and in parts rewritten, whilst many new and im})roved illus- 
trations have been introduced. In presenting it to the chemi- 
cal teachers and students of America, the authf)r ventures to 
express a hope that he has succeeded in his attempt to provide 
a systematic, intelligible and fully-equipped laboratory guide 
and text-book. 

FRANK CLOWES. 



University College, Nottingham, 
February, 1885. 
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APPARATUS FOR EACH BENCH LOCKER. 



1 Bunsen's burner with tubing and rose-top (1). 
1 Test-tube stand, with twelve holes. 
12 Test-tubes. 

1 Test-tube brush (11). 

2 Boiling-tubes. 

2 Bound glass plates. 
2 Porcelain dishes. 

2 Watch glasses. 

1 Four-ounce conical flask. 

1 Pestle and mortar. 

1 Iron tripod stand. 

1 Piece of coarse iron wire gauze, or asbestos millboard. 

3 Glass funnels, and some cut filter papers. 
3 Small beakers. 

3 Glass rods. 

1 Piece of platinum foil. 

2 Pieces of platinum wire. 
1 Blowpipe. 

1 Pipe-clay triangle. 

1 Wash-bottle. 

1 Retort stand. 

1 Wooden filter stand. 

1 Pair of brass crucible tongs. 

1 Small horn spatula. 

1 Wicker draining basket. 

A fuller description of this apparatus will be found on page 318. 
Atost of the apparatus may be seen on the bench in the Frontispiece 
illustration. 
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SECTION I. 



PREPARATION AND USE OF APPARATUS. 



A student who is commencing work in a general laboratory 
will find on the preceding page a list of the apparatus whicn 
should be contained in his private locker; this should be looked 
through, fitted, and cleansed, as is directed in this section. « 

In the seventh section will be found particulars of other 
apparatus, which may be used by many students in common ; 
also lists of the various reagents, and the methods of preparing 
them. 

For convenience in reference, paragraph numbers are printed 
in the text in thick numbers, and in square brackets at the top 
of each page. 



L The Bunsen burner (Fig. 1) is generally employed in 
the laboratory for heating purposes. It is so constructed 
that coal gas entering near its base is mixed with a 
proper proportion of air before being burnt ; the air is 
drawn in through holes at the lower part of the burner, 
and the mixture of gas and air is burnt ^ - 

at the top of the upright tube. The 
oxygen of the air, which is thus mixed 
with the gas, burns the carbon in the 
body of the flame. Accordingly the 
luminosity, which depends upon the ex- 
istence in tlie flame of unburnt carbon 
or carbon compounds, is destroyed. 
The Bunsen flame is therefore mainly 
useful, because it deposits none of these 
particles in the form of soot upon a cool 
object, but also because it is hotter than an ordinary 
luminous flame. Its high temperature, non-luminosity, 
and colorless appe^irance, also render it very valuable for 
producing flame colorations, as will be seen hereafter. 
The lamp should be provided with some means for 
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2 THE BUNSEN BURNER. [1. 

partly or entirely closing the air-holes when requisite ; 
this is usually effected either by turning round a loose 
perforated ring which is slipped over them, or by rota- 
ting the upright tube on its long axis. When a small 
flame is being used, the supply of air should be partly 
shut off, else the flame is apt to recede and bum below. 

When the lamp is to be used, it is connected by 
means of a piece of tightly-fitting india-rubl)er tubing, 
about 5-16ths of an inch in internal diameter, with the 
tube which supplies gas to the working bench ; the tap 
is then turned on, and in a few seconds the gas is lighted. 
The flame should be almost perfectly colorless and 
give scarcely any light. 

Occasionally the gas will bium below, that is, at the 
bottom instead of at the top of the burner; this usually 
happens when the flame is small and the quantity of 
air admitted through the holes is too great ; it also oc- 
curs when the burner is lighteil too soon after turning 
on the gas tap. A luminous flame may then be seen 
through the holes in the base of the lamp, burning 
from the small gas jet inside ; and the flame produced 
at the top of the burner will also be long and somewhat 
luminous, and will emit a very unpleasant smell, which 
is due to the incomplete combustion of the gas. In such 
a case the flame should be at once extinguished by pinch- 
ing the india-rubber tubing close to the burner, and the 
gas should be relighted after escaping for a few seconds. 

Prove the above statements by f rial ; study also the effect 
of partially or entirely closing the air-holes of the burner. 

For diffusing hejit over a large surface the rose-top, 
which is a small j>erforated metal cap, is placed uj>on 
the top of tiie burner; it yields a circle of flames, and 
thus diffuses the heat; the rose-top is put on the burner 
and removal from it by grasping it with the crucible 
tongs ; it is of course very hot after being used, and 
should never be handled, or placxMl upon wood or glass, 
until it is cool. 

For heating large vessels Fletcher's solid flame burner 
is most convenient and siitisfactorv; in its smallest size 
it is also very convenient on the student's working bench. 
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CUTTING GLASS. 



Fig. 2. 



2. The spirit lamp is occasionally employed instead 
of a gas burner, but for general purposes it should only 
replace these burners where coal gas cannot be obtained. 

The spirit lamp (Fig. 2) consists of a glass vessel con- 
taining methylated spirit, into 
which dips a cotton wick sup- 
ported by means of a brass or 
stoneware wick-holder. When 
not in use the upper end of the 
wick should be always covered 
with the glass cap to prevent 
evaporation of the spirit. If 
the spirit is tolerably free from 
resinous matter its flame will 
be non- luminous, and will de- 
posit no soot upon a cold object. 




Fig. 3. 




3. Glass tube or rod is cut by laying it upon a flat 
surface, and making 
a deep scratch with 

the edge of a three- c^-^TX^ \S 

cornered file at the 

point to be cut. The 

glass is then held 

with both hands, one 

on either side of the 

scratch and close to 

it, and a gentle pressure is exerted upon the glass as if 

trying to break it across (Fig. 3) ; if the file mark has 

been made sufficiently deep, the glass will readily break 

at this point. The sharp edges of a rod or tube should 

always be at once rounded by holding them in the 

Bunsen or blowpipe flame until they are partly melted, 

or by rubbing them with the face of a file. 

Cut off* from a length of hard glass tubing which is 
about one-eighth of an inch in internal diameter, one 
piece about ten inches, and two pieces about five inches 
long, and carefully round off* their sharp, freshly cut 
^edges. Also cut off* three pieces of glass rod, seven, six 
and three inches in length. Keep these for future use. 



BENDING GLASS. 



[4,6. 



Fig. 4. 



4. Glass tube is bent by holding it in the upper edge 
of a common fish-tail gas flame, so as to heat at least 
two inches of the glass (Fig. 4). The tube is supported 

by both hands, one on either side 
of the flame, and is constantly 
turned slowly round on its axis, 
so as to heat all sides equally. 
As soon as the glass is felt to 
be soft and pliable, it is taken 
out of the flame and quickly 
bent to the required angle. The 
heated part must not be allowed 
to touch anything until it is cold; the soot is then re- 
moved from it by a cloth or a piece of paper. 

A bend, if properly made, should be a curve and 
should not alter the bore of the tube (Fig. 5 a); if a 

sharp angle is made. 





^^^- ^' the bore will be nar- 

rowed (Fig. 5 6), and 
the bend, besides be- 
ing unsightly, will be 
very liable to break 
under a small strain. 
The Bunsen flame 
must never be em- 
ployed for bending 
glass tubing ; it is too 
hot, and melts the 
glass. Glass rod, however, may be bent in the Bunsen 
or even in the blowpipe flame. 

Bend the longest piece of glass tubing (3) at right 
angles, so that the shorter part is about two inches in 
length ; keep this for future use. 

6. The bloivpipe is frequently used to produce a 
small but very hot flame from the flame of a gas lamp, 
spirit lamp, or candle, by blowing through it a fine stream 
of air from the mouth. It is held in the right hand, 
with its finely pierced tip a (Fig. 6) resting on the edge 
of the burner, and just inside the flame ; the mouth-piece 
(6) is then taken between the lips, and after blowing out 
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the cheeks to their full extent, the air contained in them 
is forced out through the jet (a) ; this causes a small 
pointed tongue of flame to issue from the side of the fliame. 
The chief difficulty in Fig. 6. 

learning to use theblow- 
pipe properly is experi- 
enced in acquiring the 
habit of keeping up the 
blast of air uninterrupted 
by the breathing. A lit- 
tle patient trial will, how- 
ever, soon remove this 
difficulty. It must be 
borne in mind that the 
cheeks are to be kept constantly inflated with air, and 
that the air should be forced through the blowpipe by 
the pressure of the cheeks alone and not by the action of the 
lungs ; breathing is carried on meanwhile through the 
nose, and the mouth is occasionally replenished with air 
from the throat just before breathing out through the 
nose. 

It is frequently necessary to have both hands free 
whilst using the blowpipe ; this may be secured by rest- 
ing the jet {a) on i\\6 t(S\t of the burner and supporting 
the otiier end {b) by the lips alone, as is shown in Fig. 6. 

The bright flame obtained by nearly closing the air- 
holes of the burner is much better suited for blowpipe 
work than the ordinary non-luminous flame. A burner 
with an elliptical orifice wdiich gives a flat flame is often 
substituted for the ordinary Bunsen burner ; this flame 
may also be obtained by slipping a brass tube down the 
burner. 

The student should as soon as possible acquire dexter- 
ity in the use of the mouth blowpipe ; for long main- 
taining a high temi)crature, or for extensive glass- work- 
ing or glaas-blowing, however, a Herapath or Fletcher 
blowpipe fed with wind from the Fletcher bellows, which 
are blown by the foot, is very convenient and often in- 
dispensable. 

6. Small ignitionfubes, — One of the pieces of hard glass 

2* 
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tubing, about five inches long (3), is drawn out at its mid- 
dle point by heating it strongly in the blowpipe flame, as 
is shown in Fig. 6. Whilst being heated it is held in 
both hands, as in Fig. 3, and is constantly turned round 
upon its long axis ; when well softened it is gradually 
drawn out by pulling its ends in opposite directions. 
The narrowed portion of the tube (Fig. 7) is then cut 

Fig. 7. 

across (3) at its middle point, and by heating the conical 

part (a), the narrow tube may be drawn off, and a small 

closed tube is obtained (Fig. 8). If the closed end is 

Pjq g strongly heated in the blowpipe 

^ '' flame, and gently blown into whilst 

[] ^ red hot, it may be expanded into 

a small bulb. Small test-tubes, 
three inches long by half an inch in diameter, will also 
serve well for ignition tubes. 

7. Mounted platinum wires, — Two platmum wires, 
each about two inches in length, should be fixed in glass 
handles ; they are thus renderetl much less likely to be 
lost, and are far more easily held. The platinum wire 
used must not persistently color the flame green. 

Draw out the remaining piece of glass tube (3), about 
five inches in length, at its middle point (Figs. 6, 7), and 
cut it across at the middle of the narrow i)()rtion. Each 
piece of glass thus obtained serves for the handle to a 
wire. Break off the narrow part of the tube until it ex- 
tends only about a quarter of an inch from the shoul- 
der a (Fig. 7) ; insert the end of the platinum wire 
into the narrow opening ; then hold the end of the 

Fig. 9. 



tnl)e with tlie wire in the blowpipe flame until the 
^lii<s melts and thickens around it, fixing it firmly 
wlicn cold (Fig. «^). The free end of the wire should 
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then be i-olled round a stout wire, so as to shape it into 
a. loop about tlie eighth of an inch across. 

8. Glass stirring-rods, — From tlie ends of the glass rods 
already made (3) by cut- 
ting a length of solid 
glass rod into pieces about 
three, six, and seven 
inches long, any small 
projections are removed 
by the file ; both ends of 
each rod ai-e then heated 
to redness in the tip of 
the blow-pipe flame, the 
rod being meanwhile con- 
stantly turned round < 
its long axis (Fig. 10) ; the , 
sharp edges are thus re- 
moved. The end of the 
rod must not be allowed to touch anything until it is 
cool. 

Sometin^ a very fine glass rod is required; this 
may be obtained by heating a part of an ordinary 
rod in the blow-pipe flame until it is well softened, 
and then drawing it out to tlie requisife fineness (Fig. C 

9. A cork mat/ be ' 
sharply pointed and 
slender round file, 
with a constant twist- 
ing movement. Tlie 
cork-borer, which is 
a brass tube sharjieu- 
etl at one end, is, how- 
ever, more commonly 
used. A borer must 
be selected of the same size as the glass tube which is to 
be inserted into the cork; it should be rather less than 
greater; the cork is then pressetl agninst a woo<len 
surface or gra-sped firmly in the hand, and the 
perforation is made by gently pushing the borei- 
through it with a constant movement of rotation back- 



jred by pushing through i 
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wards and forwards upou its axis (Fig. 11). Caution 
and practice will enable the student to make a clean, 
straight hole without damaging the surrounding parts 
of the cork. 

In boring a single hole through a cork, the easiest 
way to make it straight is to bore from the centre of 
one end half-way towards the other, then reverse the 
cork and bore a hole to meet this from the centre of the 
opposite end. 

A round file is used for smoothing the interior of 
holes made by the cork-borer, or for slightly enlarging 
them when they are too small ; whilst doing this, great 
care must be taken to leave the hole round in shape, 
and not to enlarge it so much that the glass tubing, 
when inserted, fits loosely. 

In perforating india-^mbber stoppers the borer must 
be sharp, and should be partly filled with water or 
moistened with alcohol or glycerine. 

The cork-borer is sharpened by rubbing the outer part 

of the edge obliquely with the face of a fine-toothed file. 

10. Tlie tcash-bottle, — A thin, flat-l)ottomed conical 

flask, about eighteen ounces in capa- 
city, and not less than an inch in diameter 
in the neck, is fitted as is shown in Fig. 
12. Select a sound cork which is slight- 
ly too large to enter the neck of the 
flask ; roll it backwards and forwards 
under the foot with gentle pressure ; 
when thus softeneil the cork must fit 
tightly into the flask. Two pieces of 
glass tubing, rather longer than would 
be re(]uircd for the tubes («, 6), are then 
bent (4) into the form shoN\Ti in Fig. 
12 ; their ends are cut off* to the right 
length, and the sharp edges are rounded 
by holding them in the Bunsen flame, 
or by rubbing thoin with the face of the file. 

Two parallel holes are then bon^d in the cork by means 
of a round file or with a proper sized cork-borer (9) ; the 
holes must be somewhat smaller than the glass tubes, and 



Fig. 12. 
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must not run into one another or to the outside of the 
cork. They are smoothed and slightly enlarged, if ne- 
cessary, by the round file. Into these holes the tubes 
(a, b) are then gently pushed with a twisting motion; 
they must enter somewhat stiffly, but without requiring 
much pressure. If the holes have been carelessly made 
too large, the tubes may often be made to fit by slip- 
ping upon them little pieces of narrow india-rubber 
tubing, or by putting the pieces of india-rubber tubing 
into the holes in the cork before fitting in the glass tubes. 

A vulcanized india-rubbet' stopper is much more dura- 
ble than a cork for this and most other chemical pur- 
poses; it may be purchased with two holes already 
made, or may be perforated by a sharp, well -wetted 
cork-borer (9), or by a wetted round file. Both the 
glass tubes and the inside of the holes should be well 
wetted before pushing in the tubes, since water serves 
as a lubricant for glass against india-rubber. 

Before completing the fitting of the flask, the cork 
with the tubes is inserted into its neck ; one tube is 
then closed with the finger, and whilst blowing down 
the other one, the cork is carefully watched to see that 
there is no escape of air; a leakage is as a rule easily 
heard ; by wetting the outside of the cork, however, it 
becomes visible. 

If the cork is air-tight, fit upon the upper end of the 
tube (rt) a piece of india-rubber tubing about an inch in 
length ; into the other end of this push a short jet (c), 
made by drawing out a piece of glass tubing in the 
flame (Fig. 6); the narrow opening of this jet may be 
contracted, if necessary, by holding it in the flame for a 
short time. The neck of the flask should be bound round 
with twine like the handle of a cricket bat, or tightly 
covered with a folded strip of flannel ; the wash-bottle 
can then be handled with comfort after water has been 
boiled in it and the neck has become heated by the steam. 

The wash-bottle is now filled about two-thirds with 
distilled water, and is ready for use ; tap wate?* should 
never be kept in it. 

A fine stream of water'may be obtained from the jet (c) 
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by blowing down the tube (6) ; this stream serves for 
washing precipitates and for other purposes. If a larger 
stream is required the flask is inverted, when the water 
will flow out from the end of the tube (6), air entering 
meanwhile by the tube (a) ; by blowing down (a) this 
stream can be made to issue with greater force and 
speed. 

When hot water is required, the wash-bottle is sup- 
ported on a tripod stand upon a piece of coarse iron 
wire gauze, and is heated by the Bunsen flame : or it 
may be heated by a small Fletcher burner. 

U, Cleaning apparatus. — It is indispensable to the 
success of an analyst that all glass and porcelain appa- 
ratus should be kept scrupulously clean, and before 
beginning work the student will do well to clean his 
set of apparatus as is directed below. 

Test-tubeSy beakers, and porcelain dishes are washed in 
a stream of tap-water, their surface being rubbed mean- 
while by the test-tube cleaner (Fig. 13 b). Occasionally, 
however, the brush fails to remove strongly adhering 

stains. A little hot dilute hydrochloric 
acid will remove most such stains, but it 
is sometimes necessary to heat a little strong 
sulphuric or nitric acid in a vessel in order 
to cleanse it ; hot caustic potash or ammo- 
nia solution may also often be used with 
advantage to remove grease. In fact, when 
removing a substance from a vessel to which 
it strongly adheres, the student should al- 
ways consider what the substance is, and 
then remove it by a liquid in which it is 
easily soluble. Each article, after having been carefully 
washed and then repeatedly rinsed out with tap Avater, 
should be placed upside down in the small wicker basket 
to drain, or if required for immediate use it should be 
rinsed out with a little distilled water ; the removal by 
these means of washing water is necessary, because or- 
dinary tap-water contains dissolved impurities, which 
might be prejudicial. 
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Apparatus should be washed as soon as possible after 
it has been used, since the surface is usually more diffi- 
cult to cleanse after standing. The brush must be cau- 
tiously moved as it reaches the bottom of a test-tube, as 
the glass is very thin and is easily broken by undue 
pressure. 

Test-tube brush. — It w^ill be found that the piece of 
sponge at the end of the test-tube cleaner (Fig. 13 a) 
does not well adapt itself to the bottom of test-tubes and 
boiling-tubes. A much more efficient end is given to 
the brush by removing the sponge and bending back the 
end of the wire stem sharply upon itself at a point just 
above where the hairs commence (Fig. 13 6). By 
slightly curving the part of the stem carrying hairs, the 
brush will better adapt itself to curved surfaces such as 
those of porcelain dishes. 

Test-tubes containing liquids are placed in the test-tube 
stand ; boiling-tubes may be supported in the wooden 
filter stand. After being washed they should be placed 
to drain mouth downwards in the wicker basket, which 
is to be considered as the receptacle for all clean glass 
and porcelain vessels. 

Glass funnels ^\io\j\(ii have their narrow stems cutoiF 
to within about half an inch from the shoulder (3) ; the 
sharp outer edge must then be removed by rubbing 
it with the face of a triangular file. The inside of 
the narrow neck is best cleanc<l by rubbing it with 
a common tobacco-pipe cleaner, which is inserted from 
the shoulder of the funnel so as not to cut the hairs. 

Platinum foil and wire are cleansed by boiling them 
in hydrochloric acid and rinsing off the acid with water ; 
the wire should then be strongly heated for some time 
in the blowpipe flame, until, on being dipj)ed into pure, 
strong hydrochloric acid, it no longer persistently col- 
oi^s the Bunsen flame. If the tip of the wire cannot 
be cleansed in this way it should be cut off. Commer- 
cial platinum often contains barium, and the wu*e made 
from it therefore gives a green color to the flame ; such 
wire is useless for flame coloration tests and for spectrum 
analysis. 
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It is best, however, to keep the platinum foil and wire 
always in a small beaker containing strong hydrochloric 
acid diluted with sufficient water to prevent it from fum- 
ing : the platinum will then be ready for use at any 
time after having been simply rinsed with water. 

Before putting apparatus away it should be made a 
rule to wash all glass and porcelain which is not in ac- 
tual use, and place it in the wicker- basket to drain ; the 
basket is then put away with its contents. Dh^ty ap- 
paratus should never be kept in the basket. All iron 
apparatus should be carefully dried and must be kept 
in a dry place to prevent it from rusting. Metal 
apparatus must never be put into the wicker draining 
basket. 

12. Seaiing porcelain and glass, — A few general 
precautions should be observed in heating glass and 
porcelain vessels to guard against cracking them. The 
two following rules apply to both glass and porcelain 
alike : — 

A vessel containing a liquid must never be heated by 
the flame above the level of the liquid inside. 

A dry, hot vessel must be allowed to cool before pour- 
ing in any liquid, or placing it on a cold sur- 
face. 

Porcelain dishes are generally used for the purpose of 
boiling or evaporating liquids ; they are supported on a 
pipe-clay triangle placed upon a tripod or retort stand ; 
they may be safely heated by a small naked flame. 

Porcelain crucibles are used for containing solid bodies 
which are to be strongly heated ; they are supported in 
the same way as porcelain dishes; the flame should 
not be allowed to play steadily upon the bottom of the 
crucible so as to heat it suddenly, but the burner 
should be constantly moved slightly from side to side 
until the porcelain is hot. The crucible should also 
be allowed to cool slowly on the triangle, as contact 
with a cold body is very apt to crack it. The cruci- 
ble and its cover whilst hot are handled by the crucible 
tongs. 
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Glass vessek require to be heated more cautiously than 
those made of porcelain. A large naked flame must 
never be allowed to play for any length of time on one 
part of the glass surface. In heating a test-tube or 
boiling-tube, this local heating is prevented by holding 
the tube obliquely with the lower part in the flame, and 
either moving it gently up and down, or constantly 
turning it round on its axis. 

Ordinary test-tubes are too narrow for boiling liquids 
in, the liquid being very apt to boil over. Small quan- 
tities may be boiled and larger quantities heated short 
of boiling in a test-tube, but the broader boiling- 
tribes are better suited for this purpose. Test-tubes, if 
not full of liquid, can be held by the neck whilst being 
heated, if the tube be held obliquely, so that the fingers 
are not over the flame. All risk of burning the fingers 
is avoided by bending round the neck of the tube a 
slip of folded glazed paper or of leather, and pinching 
the ends together close to the tube. 

Glass-flasks, such as the wash-bottle, are most safely 
heated by placing them on a piece of wire gauze on a 
tripod stand ; in some laboratories a sand-bath is avail- 
able ; the flask is then heated by being placed on the 
surface of hot sand. 



SECTION II. 



PREPARATION AND PROPERTIES OF CER- 
TAIN GASES AND LIQUIDS. 



In this section fiill directions are given for the preparation 
of some of the more important gases and for certain instruc- 
tive experiments which may be made with them. The pro- 
cesses of preparation and manipulation required for these gases 
are more or less typical ; the student will therefore, from the 
experience gained by performing these experiments, easily 
prepare and experiment upon other gases from the brief di- 
rections given here or in any treatise on chemistry. Two 
examples of the process of distillation are also appended. The 
paragraphs in small type may be omitted if time is limited. 

The reference numbers enclosed in brackets refer to the para- 
graphs ; these numbers will be found in thick type in the text 
and in square brackets at the head of each page. 

A ftill list of the apparatus and chemicals required for this 
section will be found in the seventh section ; and the fitting 
and use of the apparatus has been already explained in para- 
graphs (1-12). 



The student must carefully read through the whole description 
of each experiment before beginning to perform it, and after 
its successful performance a brief description of it should be 
entered in the note-book. Two students may advantageously, 
but not necessarily, work together through this section ; m 
the subsequent sections, however, each student should work 
independently. 



Oxygen Gas. 



13. When iron is exposed for some time to moist 
air its surface becomes covered with rust ; many other 
metals undergo a similar change in moist air, but the 
alteration produced in their appearance is not usually 
as noticeable as in the case of iron. The liquid metal 
mercury does not rust as iron does in moist air, but it 
14 
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becomes slowly covered with red mercery rust when it is 
strongly lieated for some time in a flask open to the 
air; this mercury rast has received the name of mer- 
curic ^oxide. The fact that metals become heavier by 
rusting proves that sometliiEg is added to them during 
the process. This is confirmed by the following ex- 
periment. 

Exp. 1. — Place in a small, perfectly dry test-tube 
sufficient mercuric oxide to cover the bottom ; heat the 
powder in the Bnusen flame (1, 12), loosely stopjHng 
the end of the tube with the thumb, as is showu in 
Fig. 14, As soon as small drops of mercury form on 




the iuside of tube, remove the thumb and quickly in- 
sert into the tube the burning end of a thin stiii of 
wood ; the flame will be seen to burn more brightly. 
Heat the powder again for some time in the way just 
described, and introduce tlie slip into the month of the 
tube immediately after blowing out the fljunc and 
whilst there is a spark at its end ; the glowing end 
will be caused to burst into flanio. This behavior 
with a burning or glowing slip of wood is one of the 
most remarkable proj>ertie3 of oxyj^en gas, and is fre- 
quently used aa a teat £or its presence. The small 



16 PREPARATION OF OXYGEN. [13 

globules of mercury may be united by rubbiug the in- 
side of the tube ; both the globules of mercury and 
any red oxide which remains should be preserved. 

The chemical change which has occurred is thus rep- 
resented by a chemical equation : HgO = Hg + O. Since 
heat can separate mercuric oxide into mercury and oxy- 
gen, the process of rusting evidently consists in the 
metal taking oxygen gas from the air. The increase of 
weight during rusting, which has been already referred 
to, is thus accounted for ; and if all metal rusts could, 
like mercuric oxide, be decomposed by heat, oxygen 
might be obtained from any one of them. 

This method of making oxygen is, however, inter- 
esting mainly because it was the first means known of 
preparing the gas; it is never used now-a-days to pre- 
pare large quantities of oxygen, since other substances 
are known which contain a larger proportion of oxygen, 
and which give it off when they are heated more easily 
than mercuric oxide does : these substances are also pre- 
ferable on account of their greater cheapness. 

Potassium chlorate is most frequently employed for 
the preparation of small quantities of oxygen; if 
heated until no more gas is given off it parts with the 
whole of its oxygen, as is shown by the following 
equation: KC103 = KCl + 03 

Exp. 2. — Place in a clean, dry test-tube a little potas- 
sium chlorate and heat it The white salt after de- 
crepitating or crackling, fuses or melts, and when 
further heated appears to boil ; the small bubbles which 
are given off consist of oxygen gas ; this may be readily 
proved by holding in the mouth of the test-tube a 
burning or glowing splinter of wood. 

Potassium chlorate gives off oxygen gas much more 
readily than mercuric oxide does ; but if it is mixed 
with small quantities of certain other substances, which 
themselves appear to undergo no change, its oxygen is 
driven off by heat with extreme facility ; of these sub- 
stances, manganese dioxide, or black oxide of manganese, 
is the one usually chosen. 
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Exp. 3. — Powder finely in a mortar potassium chlo- 
rate sufficient to fill a watch glass, mix with it in the 
mortar about one-fifth as much powdered manganese 
dioxide, and heat a small quantity of the mixture in 
a test-tube ; the oxygen can be detected by the spark 
test as soon as the mixture is heated, and a com- 
paratively gentle heat will cause the gas to be rapidly 
evolved. 

In the preceding experiments the oxygen has been de- 
tected in the tube in which it was prepared, and has been 
allowed to pass away freely into the air. AVhen the gas 
is to be collected in a vessel unmixed with air, the ves- 
sel is first filled with water, and the gas is then allowed 
to displace the water. For this purpose the oxygen is 
made to pass through a bent glass delivery-tube, which 
is fitted by means of a cork into the mouth of the test- 
tube ; the end of this tube dips into some water, and the 
bubbles of gas as they issue are allowed to rise into a 
vessel full of water which is inverted over the end of 
the delivery-tube. This process of collecting oxygen is 
fully described in the following exjxTiment : 

Exp. 4. — Select a sound cork which is somewhat too 
large to fit the mouth of the test-tube to be used ; soften 
it by squeezing, or by rolling it on the floor with gentle 
pressure from the foot ; it should now fit tightly into 
the mouth of the test-tube. Then bend (4) a piece of 
hard glass tubing, about fourteen inches in length, into 
the form shown in Fig. 15 ; so adapting the bends by 
trial, that when the apparatus is fitted together the 
bottom of the test-tube may be at such a height as to be 
conveniently heated by the flame, the end of the deliv- 
ery-tube at the same time dipj)ing about an inch under 
the water contained in a strong stoneware pan. Make 
a hole through the centre of the cork (9) of su(;h a size 
that the glass tulxj fits tightly into it. Then test 
whether the apparatus is air-tight by fitting the gla-^ 
tube into the cork, and the cork into the test-tul)e, 
and blowing down the open end of the delivery- 
tube; no air must be heard to escape, or must be 
seen to bubble out on moistening the cork ; if air does 

a* 
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escape, a fresh cork iiinst be taken. Now transfer tlie 
"xygeQ mixture into tlie perfectly dry test-tube, either 
by pouring it oft' a piece of |>aper folded into a trough, 
or by scooping it up from the mortar with the mouth 
of the test-tul>e ; then fit in the cork and dclivery-tul>e. 
Before heating the tube, fill thejur in which the oxy- 
gen is to be collected with water, close it with a ground- 
glass plate, invert its mouth in ^vater three or four 
inches in depth contained in the stoneware pan or 
bowl, aud carefully remove the glass plate. If this opera- 




tion has been performed with proper care the jar will be 
entirely filled with water and no air bubble will remain. 
Next proceed to heat the oxygen mixture at the for- 
ward part only, since the escape of gas from behind 
would force the front part of the mixture out of tlie 
tube. The tube should either be held in the hajid or 
supported by a clamp with its closed end slightly raised, 
so that any moisture whicli may be condensed in the cold 
end does not trickle back upon the heated portion aud 
crack it. The lamp should be kept slowly moving 
with the other hand, and a small ftitme only used, 
in order to prevent any part of the glass from being 
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suddenly and strongly heated, which would be liable to 
crack or melt it. 

Oxygen gas will soon be evolved, but will not at once 
appear at the end of the delivery-tube, since it has first 
to drive out the air which filled the apparatus ; as soon 
as a slip of wood glowing at its end is kindled at the 
mouth of the delivery-tube, the oxygen has driven out 
the air and is beginning to escape ; the end of the de- 
livery-tube is then at once dipped under water beneath 
the mouth of the jar, and the stream of bubbles ris- 
ing in it will rapidly displace the water. A stone- 
ware beehive shelf will be found convenient for sup- 
porting the jar : this is shown in Fig. 18. As soon 
as the vessel is full of gas, close ite mouth under water 
with the glass plate, and remove it for experiment. 
The jar may also be removed by slipping under its 
mouth a small dish or saucer, the water taken out in the 
saucer serving to close the mouth of the jar. 

Several jars filled with oxygen will be required for 
the following experiments, or the same vessel may, if 
necessary, be refilled with the gas after the completion 
of each experiment. 

If at any time the gas should be given off too rapid- 
ly, the flame must be removed until the current of gas 
slackens ; the hinder portions of the mixture should be 
heated only after the part in front refuses to yield any 
more gas : when the process is to be stopped, the 
end of the delivery-tube must be removed from 
the water before the gas has ceased to bubble out; 
and the hot part of the test-tube must not be al- 
lowed to touch cold or wet objects, which would crack 
the glass. 

Oxygen gas is remarkable for the energy with which 
it combines w^th or burns many substances : three ex- 
amples of this property are given in the following exper- 
iments : 

Exp. 5. — Select a piece of wood charcoal about the size 
of a hazel nut ; place this in a metal deflagrating spoon, 
then adjust the wire handle in the brass cap, so that when 
held beside the jar of oxygen with the cap on a level with 
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its mouth, the spoon is about an inch from the bottom of 
the jar (Fig. 16). Now heat the charcoal in the Bunsen 
Fig. 16. or blowpipe flame (5) until a part of its 
surface glows when held in the air, and 
quickly place it in the jar of oxygen 
with the brass plate covering its mouth 
(Fig. 16). The charcoal will bum 
much more brilliantly and rapidly than 
^^h|^ in air, and will convert the oxygen in- 
W to carbon dioxide gas : C + O2 = CO2. 
w When the combustion ceases, pour into 

I the jar some clear lime water from a 

^ small beaker or test-tube, quickly close 

the jar and shake the liquid inside it ; 
the clear liquid will become milky, 
indicating the presence of carbon 
dioxide gas, as will be hereafter ex- 
plained. 

Exp. 6. — Remove the charcoal from 
the deflagrating spoon, and replace it by a piece of sul^ 
phur as large as a pea ; heat the spoon in the flame until 
the sulphur melts and begins to burn with a pale blue 
almost invisible flame. Then place the spoon in a fresh 
jar of oxygen ; the sulphur will at onc*e burn with a 
much brighter flame, converting tlie oxygen into sulphur 
dioxide gas : S+ 02 = S02. The presence of this gas is 
proved by its suffocating smell : also by pouring a little 
water into the jar and shaking it round ; sulphurous 
acid is thus formed, and is recognizeil by dropping into 
the water a piece of blue litmus paper, which is imme- 
diately reddened ; also by pouring in a few drops of 
nnl jH)tassium dic^hromate solution, the color of which 
changes to green. 

Exp. 7. — Burn away from the deflagrating spoon any 
remaining sul])hur, and put into it when cold a small 
piece of carefully dric^l phosphorHi< not larLrer than half a 
|>ea. The phosphorus may be cut with a knife ; it nuist Ix* 
touchcil only with the brass tongs or with irct fingei's, and 
should be handleil as little as p(»ssii)le, .-incc it is liable to 
catch fire by the heat of the hand ; it should always be kept 
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under water, and dried only immediately before being 
used by pressing it between filter-paper or blotting- 
paper or with a dry cloth. Set fire to the phosphorus by 
holding the spoon in the flame and notice how it burns 
in the air ; then place the spoon in a jar of oxygen ; the 
phosphorus will burn most brilliantly, producing a 
white substance called phosphoric oxide : P2 + ©5= P2O5. 
When the phosphorus has ceased to burn, pour in a 
little water and shake it round in the jar ; the white 
substance will dissolve, yielding phosphoric acid : — 
P2O5+ 3H2O = 2HsP04. The water may now be proved 
to contain this acid by dropping into it a piece of blue 
litmus paper, which will* be immediately reddened. 

Test for oxygen, — Oxygen is conveniently tested for 
by introducing into the gas a slip of wood with a spark 
at the end; the spark is caus^ to burst into flame. 
One other gas possesses this property, but it is readily 
distinguished from oxygen by other means. This test 
only detects oxygen when it is in a nearly pure condi- 
tion. Another test for uncombined oxygen in gaseous 
mixtures is given in experiment 25. 



Nitrogen Gas. 



14. Atmospheric air has been shown to contain oxy- 
gen, but experiment proves that its main constituent is 
another gas calleil nitrogen. To obtain this gas phos- 
phorus may be burnt in air enclosed over water ; the 
phosphoric oxide thus formed is allowed to settle down 
and dissolve in the water ; the nitrogen which remains 
will then be found to amount to four-fifths of the air 
employed, and to have the property of extinguishing a 
flame. 

Exp. 8. — The air may be most conveniently enclosetl 
in a bell jar, by immersing the mouth of the jar to a 
depth of several inches in water contained in a stone- 
ware pan, and then inserting the cork or stopper into 
its neck (Fig. 17). A small piece of well-driod phos- 
phorus is placed in a little dry porcelain dish, and the 
dish is floated on the water in the pan ; the open bell 
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jar is then placed as a cover over the floating dish, with 
its mouth resting on two strips of sheet lead laid upon 
the bottom of the pan; the phosphorus is kindled by 
touching it with the end of a long piece of wire, or of a 
glass rod, which has been heated in the flame ; the cork 
or stopper is then immediately inserted, and the jar is 
Fis. 17. 




held down by the hand until it stands steadily. When 
the phosphorus has united with all the oxygen of the 
enclosed air, it ceases to burn ; and as the remaining 
gas, expanded by the heat, cools, water rises in the bell 
jar and fills one-fifth of tlie space previously occupied 
by the air. 

Ted for nitrogen. — Water should then be poured into 
the pan until the level inside and outside the bell jar is 
the same ; if the cork or stopper is now removed and a 
burning tai>er or strip of wood is introduced, the flame 
will be at once extinguished by the nitr(^n. 

Ozone Gas. 

15. Oxygen is converted by electricity, and during 
certain processes of chemical oxidation, into a gas known 
as ozone. This gas has a peculiar smell, and possesses 
other properties which distinguish it from oxygen; 
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since, however, it can be both made from oxygen, and 
reconverted into oxygen, without any change of weight 
occurring, ozone is only altered or allotropic oxygen. 

Exp. 9. — Place a piece of phosphorus in a jar of air, 
the bottom of which is just covered with a thin layer of 
water, and close its mouth with a glass plate. Stir a 
little starch powder with some cold water, and pour this 
gradually into water which is boiling briskly in a small 
porcelain dish ; cool this starch solution, and mix a few 
drops of potassium iodide solution with part of 
it in a little porcelain dish ; moisten with this liquid a 
strip of filter paper, and suspend it in the jar containing 
the phosphorus. Sooner or later the strip will become 
blue by the action of the ozone, which has been formed 
during the s[>ontaneous oxidation of the phasphorus; 
the faint garlic smell of ozone will also be perceptible in 
the jar. 

Hydrogen Gas. 

16. Water consists of oxygen combined with another 
gas called hydrogen; several processes are known for 
preparing hydrogen from water. This gas is, however, 
most readily obtained from certain acids by the action of 
metals upon them. 

Exp. 10.— Fit a two-necked Woulffe's bottle with 
perforated corks, bearing a thistle funnel whose end 
reaches nearly to the bottom of the bottle and a bent 
tube terminating just below the cork (Fig. 18) ; then 
adapt a bent delivery- tube by means of a short piece of 
tightly-fitting india-rubber tubing. A wide-necked bot- 
tle, fitted as is shown in Fig. 21, p. 27, may be used in- 
stead of the Woulffe's bottle. Put into the bottle suffi- 
cient granulated zinc to cover the bottom ; replace the 
cork ; ascertain that the apparatus is air tight by closing 
the end of the delivery-tube and blowing down the 
thistle funnel ; then pour water in through the funnel 
until the zinc and the end of the funnel-tube are cov- 
ered and add pure strong hydrochloric acid gradually, 
mixing the acid with the water by shaking the bottle ; 
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livilrr)^!) will I>c seen rising fruni tlie /.iuc in numerous 
small bubbles: Zn + 2HCr= Hj + ZiiCl,. 

Dill tlic end of tlie dolivery-tulM! umier water con- 
tained in tiK' ]Kui, and allow tlie gas to bubble out through 
tlie wiiter lor iit b-.ist live minutes. This delay in col- 
lecting the gsis is necosaii-y in oi-der to give the hydrogen 
lime to remove the air whicli filled the Iwttle, a mixture 
of air with certiiiii proportions of hydrogen being explo- 
sive if kindlwl. lieforc collecting lamer quantities, the 
eseapiug gu» must be proved to be no longer explosive ; 




this is done by inverlinjr a fest-tulx' filled with water 
over the eml of the deliverv-tulK', dosing it with the 
thumb when it is f'nll of g:is, removinf; it from the 
water, and holdinj; its open momh to n flame ; if the 
(jat> burns with a slight exjiloslon, the lulie is again 
(illwl with till' gjis and the exiKuiment is repeated. 
As soon a-s the giis hums quietly with a pale flame, 
a small thiek plaw eyliiider or IiiIk- may be filled 
with hydrog<.'n in the s;imo way as was directed for 
osvgoii ; the jar is then roinovtHi and the gas kin- 
dlrtl. 

I>iiring the further prei>aratii>n of gas for the follow- 
iiiiX exix'rinients. It is ixitisionally mi-essani' to jwor in a 
little nioro strong aeid llimiigh the funnel-tnlie when the 
evolution of hydrogen IxHinnes tixi slow, 

Exp. 11. — Hold another jar of hydrogeu for a short 
time with its mouth oixni and dini'tod upwards, the ga8 
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will entirely escape ; the absence of the gas may be 
shown by holding a lighted taper in the vessel, when no 
hydrogen flame will be seen. If the cylinder be once 
more filled with hydrogen and held for a short time 
with its mouth downwards, the hydrogen will remain 
in it and will bom with a pale flame when a lighted 
taper is introduced : note, however, that the gas lights 
with a slight report ; this is due to admixture of air by 
spontaneous diffusion. These experiments prove that 
hydrogen is much lighter than air, since its tendency t/) 
rise prevents it from escaping downwards, whilst it 
readily escapes upwards. 

Since hydrogen is so much lighter than air, it f»n Ikj 
made to replace air instead of water in the vr^ssel in 
which it is to be collected ; for this purp^^se the delivery- 
tube of the hydrogen apparatus Ls passe^l up to the U)\} 
of an inverted jar; the hydrogen then gradually piishw 
down the heavier air and fills the jar. 

Exp. 12. — Ajar may be filled with hydrogen by dU- 
plaeement by quickly re- yig. i». 

placing the bent tube in 
the cork by a straight 
one eight or nine inches 
in le^ (Fig. 19).— 
When a brisk efierves- 
c^ce of eas has been 
caused bjr pouring in 
some strong hydror:hlr>- 
ric acid, pass this tube 
up to the top of an in- 
verted jar, and allow the 
jar to remain in this p^>- 
sition for several min- 
utes. The mouth of the 

jar may be loosely closer! during thi«4 fir^Kjr^ by a |»i/!/^- 
of perforated metal or ^ardlx^aH, wUuU rf^.tn ii|H»ri a 
small piece of inrlia-njbW tubing pii-jM/l nu t\n' tMiV' 
eiy-tube; this will himler the sfi'/ut^n/rofi-. tuixUirc wUh 
the air, or diffumr/n, which rK:rnjrH wUfu lUc p^ju^j-n uro. in 

contact. 

4 
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Fig. 20. 



Remove this jar, keeping it inverted, and push up 
inside it a burning wax-taper five or six inchea in 
length ; the hydrogen will be lighted and will burn 
with a pale flame at the mouth of the jar, but the flame 
of the taper will be seen to be extinguished by the gas : 
the tiiper may, however, be rekindled by holding it in 
the hydrogen flame burning at the mouth of the jar. 

Exp. 13. — Cover the bottle and funnel-tube with a 
cloth to prevent accident in case of an explosion, and 
light the hydrogen at the end of the delivery-tube used 
in the last experiment. Hold over the flame a tumbler 
or. beaker, which is perfectly clean, dry, and cool ; the 
inside will become dimmed with moisture, showing that 
hydrogen gas when burning in the air is uniting with 
oxygen and producing water: H2-hO=H20. 

In order to make this result conclusive the hydrogen 
should be dried before it is burnt, since a gas which has 

been in contact with water is al- 
ways moist, or contains more or 
less vapor of water. The gas 
may be dried or desiccated by 
passing it through some substance 
which readily absorbs moisture, 
such as strong sulphuric acid or 
calcium chloride. A straight 
tube containing fragments of 
calcium chloride (Fig. 20 a), or 
a U-tube filled with pieces of 
pumice-stone moistonecl with strong sulphuric acid (6), 
may be connected with the hydrogen apparatus for the 
purj)oso of drying the gas. 

Exp. 14. — Fill a short, thick glass cylinder with 
water, then invert it in a pan of water; disj>lace one- 
third of the water in the cylinder with oxygen (13, 
Exj). t), and the remainder with hy(ln);i:en (10, Exp. 
10); let the jar stand with its mouth underwater for 
five or six minutes to allow the gas(»s to mix; then 
raise the inverted jar and aj)j>ly a lighted taj)er : the 
gases will (^)mbine to form water with a loud exj)losion. 
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Test for hydrogen. — Hydrogen gas is recognized by 
burning with a pale flame in air or oxygen, the flame 
of the dried gas depositing water on any cold object held 
above it. 



Carbon Dioxide, or Carbonic ANHVDRroE Gas. 

17. This gas was formerly called carbonic acid, a 
name which is incorrect, since all acids contain hydro- 
gen. 

When carbon was burnt in oxygen (13, Exp. 5} car- 
bon dioxide gas remained in the jar: it may be prepared 
in this way, but is much more easily obtained by [Kinr- 
ing hydrochloric acid upon some pieces of marble : 

CaCOj+ 2HCl=C0j+ H,0-f- CaClj. 
Chalk or limestone may be substituted for marble, but 
they are apt to froth and to give off the gas too rapidly. 

Exp. 15. — Rinse oat the apparatus ased for prepar- 
ing hydrogen and place in it some 
small pieces of marble; fit into the 
india-rubber joint a delivery-tube 
bent at right angles (4), as is shown 
in Fig, 21 ; then pour through the 
funnel-tube sufficient water to cover 
the marble and the end of the fun- 
nel-tube, and add strong eommcreial 
hydrochloric acid until the gas comes 
off with brisk effervescence. Place 
the delivery-tube in a jar with its _ 

end nearly touching the bottom, and - — ~-^'"- ^=-i*' 
allow the gas to pass into the jar fur .'several minutes. 

It is well to cover the mouth of the jar with a small 
disc of cardlward, which has had a slit or hole cut in it 
for the delivery-tube, so as to hinder diffusion. 

Carbon dioxide, being much heavier than air, will 
soon fill the jar by displacement; that is to say, the gas 
constantly supplied to the lower part of the jar will 
remain there, and, as it accumulates, will gradually lift 
out the air. 
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Since this gas has the property of extinguishing a 
flame, it is easy to ascertain when the jar is full by 
holding a lighted taper just inside its mouth : if the 
flame is extinguished, the carbon dioxide has reached 
the top. 

Carbon dioxide is largely dissolved by water ; hence 
the process of collecting it by displacement is preferred 
to collection over water. 

Exp. 16. — Allow a jar of carbon dioxide to stand 
uncovered and with its mouth upwards for a few min- 
utes ; then place in the jar a burning taper : the carbon 
dioxide is proved to be still present in the vessel by the 
immediate extinction of the flame. Now hold the jar 
for several minutes with its mouth downwards ; on test- 
ing with a lighted taper, only air will be found in the 
vessel. 

These experiments prove that carbon dioxide is 
heavier than air, since it remains in a vessel which is 
open above, and falls out of one which is open below. 

Exp. 17. — As this gas is so much heavier than air, it 

can be poured like water into a 
vessel full of air. A jar full of 
carbon dioxide is gradually 
tilted a little l)eyond the hor- 
izontal position (Fig. 22), with 
its mouth over that of a small 
beaker. After holding the jar 
in this position for a short time, 
it may \ye shown by means of a lijrhted taj>er that the 
gas has left the jar and is present in the beaker. 

Ex P. 18. — Pour some lime water from a test-tnlx* or 
small beaker into a jar of carbon dioxide and shake the 
liquid round in the jar : the lime-water will at once be- 
come milky. The lime, which was dissolval in the 
water and was therefore invi.sihh*, has Invn converted 
by the carlxni dioxide into chalk or calcinni carbonate; 
and this, iK'injr an insolnhle substance, remains niixecl 
as a white j>owder or pnripitaff' with the water: 
CallA +C()2=CaCo, -f II,(). 
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CarboD dioxide gas readily dissolves in cold water, 
forming a liquid which probably contains carbonic acid : 
C02 + H20=H2C03. This may be proved as follows: 

Exp. 19. — Carbon dioxide is made to displace the air 
from a jar previously half filled with cold water; the 
mouth of the jar is then tightly closed with the wetted 
j>alm of the hand, and the gas and water are shaken 
together vigorously for a short time; the mouth of the 
jar will now firmly adhere to the hand; owing to the 
reduction of the internal pressure caused by the absorp- 
tion of the gas. 

A further proof is afforded by dipping the end of the 
delivery- tube (Fig. 21) to the bottom of a small beaker 
containing water, so as to cause the gas to bubble through 
the liquid. After the bubbles have passed for several 
minutes, a few drops of the water may be poured into 
a test-tube containing lime water; the lime water will 
immediately become milky. 

On dropping into another part of the carbonic acid 
solution a little blue litmus solution, or a piece of blue 
litmus paper, the litmus will become red, indicating the 
presence of an acid : preserve this liquid. 

If the liquid containing carbonic acid be tasted it will 
be found to possess a taste resembling that of soda water; 
and in fact soda water is merely water which contains 
a large quantity of carbonic acid, as may be proved by 
testing it with lime water and wuth litmus. 

Exp. 20. — Heat some of the water containing car- 
bonic acid in a test-tube until it boils : bubbles of gas 
will rise in the water as soon as heat is applied, and after 
the liquid has been boiled briskly for several minutes, it 
may be proved to be free from carbonic acid by testing 
it with lime water and with litmus. The reddened litmus 
in the carbonic acid solution put by from a previous test 
will also become blue when it is boiled. 

These experiments prove that carbon dioxide may be 
completely expelled from water by boiling the liquid for 
some time. 

4* 
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Exp. 21. — Dilute some lime water in a small beaker 
with an equal quantity of distilled water, and allow 
carbon dioxide gas to bubble through it; a milkiness 
will be produced at first owing to the formation of cal- 
cium carbonate; but if the gas is allowed to pass for 
several minutes through the liquid, the milkiness will 
gradually disappear, showing that calcium carbonate is 
soluble in carbonic acid. 

On boiling some of this clear liquid, however, for 
several minutes, the carbonic acid will be destroyed, as 
has been already shown ; the liquid therefore will become 
milky again, because the chalk can no longer remain 
dissolved. On pouring out the water part of the calcium 
carbonate will remain adhering to the inside of the tube; 
it may be readily removed by rinsing the tube with a 
little hydrochloric acid. 

The above experiment explains the origin of the 
coating or incrustation inside kettles and steam boilers, 
in which hard chalk water has been boiled. Such water 
contains chalk dissolved by carbonic acid; this acid is 
removed when the water is boileil, and a great part of 
the chalk is deposited upon the inside of the vessel. 

Te^bi for carbon dioxide. — The presence of carbon 
dioxide gas may be detected by its power of extinguishing 
a burning taper, and of turning lime water milky: the 
latter test distinguishes it from nitrogen. These tests 
may now be employed to ])rove that carbon dioxide is 
evolved from the lungs during the j)rocess of respiration, 
and also that it is produced by an ordinary flame. 

Exp. 22. — Invert a jar full of water in a pan of water 
and blow the brciith into it through a glass tube, one 
end of whi(^h is dipped l)eneath the mouth of the jar. 
In order to oi)tiiin air from the htngn a full breath 
should be taken in, and the greater part having been 
expelled so a^^ to replaoo the air (N)ntaineil in the wind- 
pij)e and mouth by air from the Inn^j^s, the remainder 
of the breath is allowed to bubble up into the jar. 
Close the jar, remove it from the j>an, and introduce 
into it a litrbted taper; the flame will be immediately 
extinguished. 
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Fill another jar in the same way and shake up lime 
water in it; also blow the last part of the breath 
through a glass tube into lime water contained in a 
small beaker ; the lime water will become milky. 

Exp. 23. — Light a small piece of caudle or wax 
taper upon a deflagrating spoon, and place it in a bottle 
of air, the mouth of which is closed by the brass plate 
(Fig. 23). After burning for a short time the flame 
will be extinguished, and if relighted it will be again 
extinguished when placed in the jar ; this is due to the 
production of carbon dioxide, and to the reduction 
of the amount of free oxygen in the j^k-, 23. 
air. Now pour in some lime water 
from a small beaker and shake it round 
in the bottle ; the liquid will become 
milky. A similar experiment may be 
performed by inverting the bottle over 
a small gas flame, and closing the mouth 
of the bottle with a glass plate as soon 
as the flame is extinguished. The milk- 
iness produced by shaking lime water 
in the bottle will again prove the pro-^ 
duction of carbon dioxide by combustion. 

Hence carbon dioxide gas is constantly being intro- 
duced into the atmosphere by respiration and by com- 
bustion, and we should therefore expect to be able to 
detect its presence in air by the above tests. It is not 
ordinarily present in sufficient quantity to extinguish a 
burning taper, but the presence of carbon dioxide in air 
may be shown by lime water in the following way : 

Exp. 24. — Pour some clear lime water into a watch 
glass or clock glass, and allow it to stand for a few 
minutes in the air ; a film of calcium carbonate will 
gradually form on the surface, yielding white flakes 
when the water is stirred. 




18. Nitric oxide gas may be prepared in the apparatus al- 
ready used for making carbon dioxide. The pieces of marble 
are removed an4 the apparatus washed out; some copper 
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clippings or turnings are then placed in the bottle, and water is 
poured in until the end of the funnel-tube is covered ; strong 
commercial nitric acid is then added gradualljr until a reddish- 
brown gas apjpears inside the bottle ; this gas is allowed to bub- 
ble off for a time through water; it may then be collected over 
water, as was directed ior hydrogen gas : 3Cu -\- 8HN0, = 2NO 
+ 3Cu(N03), + 4H2O. 

Nitric oxide is colorless, but it is converted into reddish- 
brown nitrogen trioxide and nitrogen tetroxide when it is 
mixed with free oxygen. 

Exp. 25. — ^Prove this by filliug a jar with nitric oxide gas 
over water, and then either passing oxygen up into it, or allow- 
ing it to stand with its moutn open in the air ; the entrance of 
the oxygen or air at once produces red fumes. 

The appearance of red mmes in the preparation vessel is now 
explained ; the bottle was at first filled with air, the first por- 
tions of the gas therefore mingled with free oxygen as soon as 
they were produced. 



Ammonia Gas. 

19. The pungency of eoniraon fmtelling salts is due to 
the ammonia gas which is constantly being given off 
from solid carbonate of ammonia. 

The gas is evolved much more raj>idly if either car- 
bonate of ammonia or sal ammoniac is mixed with lime, 
and the mixture is then gently heated. 

Exp. 26. — Powder a little ammonium chloride or 
.sYf/ ammoniac in a mortar, and mix with it about an 
equal quantity of slaked lime in fine jK)wder: the am- 
monia gas escaping from the mixture will be readily 
smelt : 

2NH,C1 + CaHA= 2NH3+ CaCl^ + 2H2O. 

Exp. 27. — Pour liquor ammonicv fortissima into a 
small flask (Fig. 24) until it is about one-quarter filled, 
and close the neck of the flask with a tightly- 
fitting perforated cork, into which a straight piece 
of gliiss tube eight or nine inches long lias been fitted. 
Ileat tlie flask gently by a small flame upon a 
piec(^ of wire gauze on a tripcnl stand : ammonia gas 
will soon be smelt issuing from end of the tube. 

Sinc»e it is much ligliter than air, ammonia may l>eool- 
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leeted by displacement in a perfediy dry jar ; the jar ii 
conveniently supported by 
passing it dirough the ring 
of a retort stand, and letting 
its mouth rest on a card- 
board disc, which is itself 
supported on a ring of i ndia- 
rubber tubing, as is shown 
in the figure. To ascertain 
when the vessel is filled 
with the gas, it is only 
necessary to hold at the 
mouth of the jar a piece of 
moistened red litmus or 
yellow turmeric paper ; if 
ttie ammonia has filled the 
jar, it will change the color J 

of the litmus to blue aud the T 

turmeric to reddish-brown. ' '"^— 

Ammonia gas does not burn continuously in cold air, 
but it burns readily in stTOUgly-heated air or in oxygen 
gas. 

Exp. 28.— Show this by holding the end of the de- 
livery-tube, from which a stream of the gas is issuing, 
in the top of a Bunsen flame; a pule yellowisli-green 
flame of burning ammonia will be seen. If the ammo- 
nia is kindled as the end of the tube is passed into a jar 
of oxygen, the ammonia will also continue to burn. 

Ammonia is extremely soluble in water and must 
therefore be collected either by displacement or over 
mercury. For this reason the inside ■ of a vessel in 
which ammonia is to be colle<-le4l should always be 
perfectly dry to prevent absorption of the gas. 

Exp, 29. — Place ajar full of ammonia mouth down- 
wards in a vessel of water, and gently shake the jar so 
as to agitate the water at its month; the liquid will 
rapidly absorb the gas and rise in the jar until it fills 
the space formerly o<x;upietl by the ammonia: a small 
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space, however, frequently remains filled with the air 
which was present in the ammonia. 

Exp. 30. — Pour a little water rapidly from a small 
beaker into a jar of ammonia gas, and at once cover the 
jar with a glass plate or with the hand ; then shake the 
water in the jar; the water, when poured out, will be 
found to have acquired the pungent smell and the action 
upon litmus and turmeric papers which characterize 
the gas. 

This liquid is in fact weak liqiior ammonuBy a solution 
which is prepared commercially in large quantities by 
passing ammonia gas for some time into cold water. 
It slowly gives off a j)ortion of the gas it contains at 
ordinary temj)enitures, and furnishes ammonia gas 
readily when heated, as has been already proved. If 
ammonia solution is boikxl for some time the gas is 
almost completely expelled from it. 

Exp. 31. — Pour into a glass jar a little strong 
hydrochloric acid, close the mouth with a glass plate 
and shake the acid about inside the jar; hydrochloric 
{\c\i\ gas will thus be r!l)erated ; the liquid may then 
be alloweil to run out by slipping aside the glass 
Fig. 25. plate for a moment. Place this jar in 
7-;> _^^_ an inverted position over another con- 
taining ammonia gas and covered with 
a glass plate (Fig. 25 a)) then withdraw 
the ghiss plates, so that the mouths of 
t the jars are in contact (6) and the hy- 
drochloric acid and ammonia gases can 
frc^'ly intermingle. Dense opaque white 
fumes of solid ammonium chloride will 
immediately l>e formed: NHj+HClss 

Thosi* fumes may also be obtained by dij>j>ing a glass 
ro<l or a strij> of filter paj>cr into some strong hydro- 
chloric acid, and holding it in the ammonia \rA^ as it 
issues from the delivery tube of the apparatus (Fig. 24), 
or in ajar previously HIIcmI with the gjis. 

TcMif /or (tiiutn)}ii(i f/(is, — Ammonia gas may 1h' readily 
recH)gnizeil by its pungent smell, by turning moisteneil retl 
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litmus paper blue and moistened turmeric paper reddish- 
brown, also by giving opaque white fumes when in 
contact with any surface moistened with strong hydro- 
chloric acid. 

Carbon Monoxide Gas. 

20. This gas is produced when carbon dioxide is 
passed over red-hot charcoal: C02+C = 2CO. It is 
often formed in this way in open grates, and is seen 
burning with its characteristic blue flame. 

A mixture of carbon monoxide with an equal measure 
of carbon dioxide may l)e cheaply prepared by heating 
crystals of oxalic acid with strong sulphuric acid : 

H2C2O4.2H2O+ H2S0,=CO + CO2 + H2SO4.3H2O. 

Exp. 32. — Pour upon some oxalic acid crystals in a 
test-tube about twice as much strong sulphuric acid, and 
heat the mixture.* In a short time effervescence will 
be noticed, showing that gas is being evolved ; hold in 
the mouth of the tube a glass rod freshly dipped into 
lime water ; the drop of lime water hanging upon its 
end will become milky, proving that carbon dioxide is 
present. Hold a burning taper to the mouth of the 
test-tube, a blue flame will be produced by the carbon 
monoxide gas burning in the air. 

In order to free the carbon monoxide from carbon 
dioxide the mixture of the gases is washed with solution 
of caustic soda, or is passed over pieces of solid caustic 
soda or soda lime ; the caustic socla absorbs the carbon 
dioxide readily, but allows the carbon monoxide to pass 
on: 

CO + CO2 4- 2NaHO = CO+ Na^COg + H2O. 



* Strong sulphuric acid is a very corrosive liquid, and great care 
must be taken not to get any upon the skin, the eh)the8, or the working 
bench ; should this or any other acid get upon the skin or the bench, 
it must be at once washed off; if it should be spilt upon the clothes, 
the part must be inirae<iiately wetted with ammonia solution. 

If a dilute acid has remained for some time on the clothes it will 
produce a red stain ; this may be removed by ammonia solution, unless 
it has been caused by nitric acid. 
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ExP. 33. — Heat a mixture of oxalic acid crystals and 
strong sulphuric acid in a. flask, fitted as is shown in Fig. 
26, carefully moderating the heat when effervescence 
commences. Pass tlio gases which are evolved through a 
wash-bottle containing caustic soda solution, or through 
a tuhe [a) or a U-tubc (b) shown in Fig. 20, which is 




filled with fnifjmonts of slaked lime, oaufitic soda, or, 
better, sckIu lime, or with fntumriits of puni ice-stone or 
hniken ti>l>aen)-|ii|x; stoin moiHti-ned with strong caustic 
Bod:i soliiliiiii : if llic carlxm diiixidL- is to Ih' (■ompletely 
reuiiived, tht' gasi's imist i>e pusswl throufrh two or more 
su<'li IuIk-s or hottles. 

The cirlMin monoxide fpLS uuiy 1m' collected over water; 
it will 1)0 found to pve i)o niilkim-ss when it is shaken 
with linu' water, unless ihe sticaiii of cas hiLs l>ecn so 
i-aptd that the I'aiistic siHln has not Ix^'ii alile to al>sorb 
tht- .in-l>on dioxide n.nipl. ' 

hy licating ii foni 
ciU'liou iinmiixidi' aloi 
ohtaiiinl fni' from <-.ir 
('()-l-\aElS(),.tl,<). 

Carhon iii'mnxide iiseinlih-s hy<lrii!.i-u in lieiiij; in- 
llaniniahlc and in extingnishiu}: Ihiiiu-; it alsn {■xj)Iodcs 



Willi slnms: sniphurir acid, 
otf; it i> thus iradilv 
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when it is mixed with certain proportions of oxygen or 
air and kindled ; hence, before collecting it in a cylinder, 
the gas should be proved to be free from air by filling 
a small test-tube and seeing that it burns quietly. 

Exp. 34. — Push a burning taper up into a jar filled 
with carbon monoxide ; the gas will bum with a blue 
flame at the mouth of the jar, but the taper will be ex- 
tinguished. As soon as the gas has ceased to burn in- 
side the cylinder, pour in a little lime water and shake 
it about ; the liquid will become milky, showing that 
by the combustion of carbon monoxide in the oxygen 
of the air carbon dioxide gas is produced : Co + O = COj. 

Test for carbon monoxide, — Carbon monoxide is recog- 
nized by burning with a pale blue flame in the air, and 
producing carbon dioxide, which renders lime water 
milky. 

21. Chlorine gas may be made in the apparatus employed for 
the preparation of carbon monoxide (Fig. 26) : the washing- 
bottle may either be dispensed with, or it may be partly filled 
with water to free the chlorine from hydrochloric acid gas. 

£xp. 35. — Place some small pieces of manganese dioxide 
in the fiask, pour in strong hydrochloric acid mixed with about 
one-third its measure of water, and heat the mixture gently 
in a draught-cupboard or in the open air. A greenish-yellow 
gas will be evolved, which may be collected by displacement, 
since it is much heavier than air : 

MnOj -f- 4HC1 = CI, -I- MnCl, -f 2HjO. 
This gas has a very destructive action on the lungs, and must 
on no account be inhaled in any quantity. 

Tests for chlorine. — Chlorine is usually recognized by its 
yellowish-green color, its peculiar smell, and by its property 
of bleaching moist vegetaole colors. 

This last property is shown by placing in ajar of the gas a 
piece of moistened litmus paper, or of Turkey-red fabric dyed 
with madder: the colors of both will be destroyed. A burn- 
ing wax taper plunged into a jar of chlorine continues to 
burn with a very smoky flame : a strip of filter paper wetted 
with hot turpentine catches fire spontaneously in chlorine, and 
gives rise to dense smoke : a piece of dutch-foil or copper-leaf 
also burns when dropped into chlorine. 



22. Hydrogen chloride, or hydrochloric acid gas, 

Exp. 36. — Place in the flask which was used for the prepa- 

5 
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ration of carbon monoxide (Fig. 26) several lumps of rock salt 
or sodium chloride ; pour in some strong sulpnurie acid and 
heat gently : hydrochloric acid gas will be evolved : NaCI + 
H^0. = IlCl+NaHS04. This gas is heavier than air and 
should be collected by displacement in the same way as car- 
bon dioxide, since it dissolves easily in water giving liquid 
hydrochloric acid. 

Tests for hydrochloric acid, — This gas is recogpiized by its 
pungent smell, by fuming in the air, by turning moistened 
olue litmus paper red, and by giving opaque white fumes with 
ammonia gas or strong ammonia solution ; it will also render 
milky a drop of silver nitrate solution, which has been acidi- 
fied with nitric acid and is then introduced into the gas on 
the end of a glass rod. 

23. Sulphurous oxide J or sulphur dioxide, has been already 
made by ourning sulphur in oxygen ; prepare it also as is di- 
rected below. 

Exp. 37. — Put scraps of copper into the flask (Fig. 26), then 
pour in strong commercial sulphuric acid and heat : sulphur- 
ous oxide is evolved when the acid nearly boila : Cu4- 2H^O- 
= 80, -h OuSO, + 2H,0. 

The gas may be cooled and washed by passing it through a 
little water : it is then collected by displacement, since it is 
much heavier than air and is extremely soluble in water. 

Tests. — Sliow by introducing a burning taper into this gas 
that it is incombustible and extinguishes flame: note its pun- 
gent suffocating smell : ])our into a jar of the gas some dilute 
solution of pot^issium dicnromate and shake it round, also hang 
paper moistened with the dichromate solution intheiar, the 
readish color is rapidly changed to green : prove also that 
the guB is freely soluble in water, and that its solution is an 
acid. Sulphur dioxide is easily detected by these tests. 



24. Nitrogen monoxide, or nitrous oxide. 

Exp. 38. — This jras may be made by heating solid ammo- 
nium nitrate: NH^XO^^N^O -f 2HA The flask (Fig. 26) 
should be closed by a singly perforated cork bearing a aelivery- 
tube bent twice at rijrht angles. The washing-bottle is re- 
placed by a similar fltusk closed by a doubly perforated cork : 
the tubes pass just through this cork, and the flask is weighted 
by pouring shot into it, so that it may be sunk into a pan of 
cola water ; it serves to (condense the steam which escapes with 
the gas and to cool the ga«. Nitrogen monoxide is much 
heavier than air and may be collected by displacement. 

Tests for nitrous oxide. — TIuh gjLS has a sweet taste; it kin- 
dles a spark on a splinter of wood, but differs from oxygen by 
causing a flame to burn with a greenish halo around it, and by 
giving no red fumes with nitric oxide. 



\ 



DISTILLATION OF WATER. 



Distillation. 



35. This process serves to separate liquids which boil 
at a comparatively low temperature either from solids, or 
from other liquids which are only converted into vapor 
at a much higher temperature. It consists in boiling 
the liquid and cooling or conderunng its vapor into a 
liquid termed (he dUtiUate ; the non-volatile solid or 
liquid substanoGS are thus left behind in the vessel in 
which the liquid is boiled. The purification of common 
spring water from the solid substances dissolved in it, 
and the preparation of nitric acid, will serve as examples 
oi this process. 

Exp, 39, — DistiUaUon of waier. — ^Pour tap water into 
a clean retort (Fig. 27) through a funnel placed in the 
mouth or in the tubulure, until the bulb of the retort is 
half full. Support the retort on the ring of a retort 
stand or upon a tripod stand, with its ueck sloping 
downwards and dipping into a small, clean flask, whicn 
is partly immersed in cold water contained in a pan or 




bowl. On carefully boiling the wafer in the retort, 
steam will pass into the flask and will be there condensed 
to dieiUled water. The first portion of the distillate 
should be shaken roimd in the flask and thro^tn away, 
as it is apt to have been rendered impure by rinsing 
the neck of the retort and the flask. 

Whilethisprocessof distillation is goingon, add tosoma 
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• 

tap water in a test-tube several drops of nitric acid and 
of silver nitrate solution, and notice that the water be- 
comes milky ; this result shows the presence of a chlo- 
ride in the water. 

A separate portion in another test-tube will also be 
found to become milky on the addition of some ammo- 
nia and ammonium oxalate solution ; the dissolved lime 
or calcium salts produce this turbidity. 

The presence of a sulphate may be proved by adding 
to another portion a few drops of hydrochloric acid and 
of barium chloride solution. 

If the distilled water from the flask be examined 
in the same way it will remain clear, showing that 
these solid substances have been removed by distilla- 
tion. 

Show also the precipitation of soap by the undistilled 
water. For this purpose dissolve a small shaving of 
ordinary soap by warming it in a little distilled water : 
add a few drops of this soap solution to some tap water 
which half fills a test-tube ; close the mouth of the test- 
tube with the thumb, and shake the water well : no 
lather will form, but the water will appear more or less 
turbid owing to the separation of the soap. Repeat this 
experiment, substituting an equal quantity of distilled 
water for the tap water, and adding soap solution to it 
in the same quantity as before : in this case a lather will 
form on shaking the water, and the liquid will not be- 
come turbid. 

Tests for distilled water. — Distilled water should re- 
main perfectly clear when to separate portions of it are 
added solutions of ammonium oxalate, silver nitrate, 
barium chloride, and ammonium sulphide : these tests 
prove the absence of calcium salts, chlorides, sulphates, 
and of lead and iron salts respectively. Distilled 
water should leave no residue when it is evaporated to 
dryness. 

Exp. 40. — Preparation of nitric acid. — Cleanse the re- 
tort from the last experiment by shaking round in the bulb 
a little dilute hydrochloric acid, and thoroughly rinsing 
it out with water ; let it drain for a few minutes, and then 
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pour in some solid nitre or potassium nitrate ; add to 
this, through a funnel placed in the neck or tubulure, a 
quantity of strong sulphuric acid about equal in weight 
to the nitre used ; and in case a non-tubulated retort is 
employed, allow the acid to drain oiF the neck by sup- 
porting it for some time in an upright position. Pro- 
ceed to distil just as in the preceding experiment; a 
yellow oily liquid will trickle down the neck of the 
retort into the flask; this liquid is somewhat impure 
nitric acid; it will be foUnd to fume strongly in the 
au-: KN03+H^O,==HN03+KHSO,. 

The liquid remaining in the retort should be poured 
out as soon as it is cool ; the retort is then rinsed with 
water. 

Ted far nitric add. — Pour a little of this acid upon 
some small pieces of copper in a test-tube; reddish- 
brown fumes will appear in the tube either at once or 
on gently warming it; an explanation of this result is 
given under nitric oxide on i)age 32. This property of 
giving red fumes when treated with copper is often used 
as a test for nitric acid. 



SECTION III. 



ANALYTICAL OPERATIONS. 



In all analytical work the water used must be distilled water, 
and this only should be kept in the wash-bottle. 



Before coniraencing the analytical reactions, the stu- 
dent should become familiar with the operations which 
are constantly employed in chemical analysis. The 
processes will be easily understood by reading through 
the following descriptions and performing the experi- 
ments given in illustration of them. 



Solution. 

26. Many solid substances, when they are stirred or 
shaken with water, gradually dissolve in that liquid ; 
salt and alum may be mentioned as examples. Other 
liquids may be employed instead of water, and if they 
cause solid substiin(H.\s immerseil in them to l)ecome par- 
tially or entirely licjuid, and to mingle uniformly with 
the liquid, they are sjiid to (Usaolve the solids. The 
liquid thus obtained is called a Holution of the solid, and 
the liquid which dissolves the solid is termed the solvent. 
Further, a solid which dissolves in a liquid is said to be 
soluble in that liquid ; if it doi's not dissolve, it is said 
to be insoJnhle, Thus water when shaken with sodium 
chloride, or common salt, dissolves it, yielding solution 
of sodium chloride; water is therefore called a solvent 
for scKlium chloride, and this sjilt is siiid to be soluble 
in water. 

The prcHiys ol'solution is most rapid when the solid sub- 
stanw in the state of powder is stirretl in the liquid, since 

42 
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the largest possible surface of the substance is thus 
exposed to the solvent ; solution is also much hastened 
by heating the solvent, since this causes a more rapid 
circulation of the liquid over the solid, and usually in- 
creases the solubility of the substance. 

Two kinds of solution may be distinguished. 

Simple solution occurs when a substiince dissolves in 
a liquid without alteration in composition ; the solution, 
therefore, possesses the taste, color and other general 
properties of the solid ; it also yields the solid substance 
again when the solvent is removed by evaporation. 
Solution of sodium chloride in water is an example of 
a simple solution. 

Chemical solution, on the other hand, is always 
attended by a chemical change in the substance to be 
dissolved ; the solution, therefore, contains a substance 
differing in composition from the undissolved solid, and 
on removing the solvent by evaporation the original 
substance is not obtained. 

Exp. 41. — Place a piece of potassium nitrate in a 
small, clean beaker ; partly fill the beaker with water 
and stir the solid about with a glass rod ; the potas- 
sium nitrate will slowly dissolve in the water ; if the 
liquid be heated by placing the beaker on wire gauze 
over a small flame, the solution will be much more 
rapidly effected. 

Powder another piece of potassium nitrate by crush- 
ing it in a mortar, and then rubbing it round with the 
pestle ; place this powder in a beaker, pour in water, 
and heat the bottom of the beaker ; the pota-ssium 
nitrate will di&solve much more rapidly than before, 
showing that solution is accelerated by powdering the 
solid and by employing heat. Keep these solutions. 

Exp. 42. — Powder a little copi)er sulphate in a 
mortar, transfer it to a small porcelain dish, half fill the 
dish with water, and heat it with a small flame upon a 
pipe-clay triangle plactid on a tripod or retort stand. 
The blue copjKir sulphate dissolves, yielding a blue 
solution. Keep this solution. 
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These experiments are examples of simple solution. 
The first shows that a colorless solid gives a colorless 
solution, and the second that a colored solid gives a 
colored solution. This is generally true, and hence 
the presence or absence of a colored substance in a 
solution can often be inferred by merely noting the 
color of the liquid. 

Moreover, if a drop of the potassium nitrate solution 
be tasted, it will be found to possess the same taste as 
the solid; chemists occasionally rely upon taste, as well 
as upon color, when examining simple solvtixms. 

Exp. 43. — Place in a test tube a small piece of mar- 
ble or calcium carbonate, pour upon it a little water 
and heat the tube ; the calcium carbonate will be found 
to be insoluble in water. Add to the water some hydro- 
chloric acid : ^efi^escence, or escape of numerous small 
bubbles of gas, will occur ; the piece of calcium carbo- 
nate will meanwhile slowly diminish in size, and will 
at last entirely disappear in the liquid if sufficient acid 
is added. 

Exp. 44. — Place in a test-tube a small piece of cop- 
per ; on warming this with a little water it remains 
undissolved ; but on adding to the water some nitric 
acid and heating, the copper slowly dissolves, giving off 
red fumes; it may be entirely dissolved if sufficient 
nitric acid is employed. 

These are two examples of chemical solution ; the 
calcium carbonate is changed by the hydrochloric acid 
into calcium chloride, and this substance, not the calcium 
carbonate^ remains in solution. The copper is changed 
into copper nitrate, which is then dissolved by the water. 
It will be noticed that in each of these cases a gas is 
given off; this is a ver}' usual, but not a universal, 
effect of chemical solution : the distinguishing fact is 
that the solid substance has undergone a chemical change 
in the act of i)assing into solution. 

EVAPOU.VTION. 

27. When it is wishtnl to ol>tain a substann?, which is 
dissolved in a liquid, in the solid condition, the liquid is 
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boiled away as vapor or evaporated; the solid sub- 
stance is then left behind in the vessel. 

Exp. 46. — Pour the potassium nitrate solution from 
Exp. 41 into a porcelain evaporating basin, and heat it 
over the Bunsen flame until the water has been nearly 
boiled away; then make the flame smaller and continue 
heating until the water has disappeared : the solid po- 
tassium nitrate will be left in the dish. 

In evaporating a solution, a small flame should always 
be used towards the end of the process ; and to prevent 
the substance from spurting out of the dish, the flame 
should be moved about, or the dish may be covered with 
a round filter paper. 

Often only a part of the liquid is evaporated for the 
purpose of concentratiiig the solution or removing a por- 
tion of the solvent. A hot solution, when sufficiently 
concentrated, will frequently deposit crystals of the dis- 
solved substance if it is allowed to cool. 

Exp. 46. — Concentrate the copper sulphate solution 
made in Exp. 42 and allow the liquid to cool ; if suf- 
ficient water has been evaporated, crystals will form : 
keep the copper sulphate in the dish. 



Precipitation. 



28. Two perfectly clear and transparent solutions, on 
being mixed together, often become more or less turbid 
or opaque, owing to particles of a solid substance lacing 
formed in the liquid : a solid substance thus produced is 
called a precipitate, 

Exp. 47. — Pour into a test-tube some barium chloride 
solution, then add ammonium carbonate solution ; a white 
precipitate of barium carbonate will form : keep this test- 
tube with the precipitate. 

In this instance barium chloride and ammonium car- 
bonate separately dissolve easily in water ; but if their 
solutions are mixed they yield by a chemical change two 
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diiFerent substances, ammonium chloride and barium 
carbonate ; the former of these dissolves in water, but the 
latter is insoluble and therefore remains as a fine powder 
in this liquid. 

A substance is frequently removed from solution by 
causing it to form an insoluble compound or precipitate ; 
the substances which are added for the purpose are termed 
reagerUs : they are commonly liquids. 

In producing a precipitate, care must be taken that the 
two solutions are well mixed ; mixture may be effected by 
closing the mouth of the test-tube with the thumb and 
several times inverting it ; or, if the liquid is hot or corro- 
sive and must not be allowed to touch the skin, the liquids 
may be mixed by warming the bottom of the test-tube in 
the flame, by stirring the liquid with a glass-rod, or by 
pouring it from one vessel to another. 

A precipitate is often caused to appear more rapidly by 
thoroughly mixing or agitating the liquid, or by warming 
it. 

Precipitates differ much in appearance and properties ; 
and are therefore frequently produced by the addition of 
suitable reagents in order to show the presence of a sub- 
stance, or to separate one substance from another. 

The appearance of a precipitate is usually described by 
its color and its condition ; it is flocculeiit if it forms in 
flock-like masses, ory^dUine if it consists of small par- 
ticles whicli are seen to l)e crystals under a lens or micro- 
scope, gelatinom if jelly-like. A slight precipitate causes 
only a tnrhicUfj/ in a licjuid. 

The color of a precipitate or liquid is often falsifitnl by 
gaslight; if the color is to be seen at night, it should be 
examined with the light producetl by the electric arc or 
by a piece of burning magnesium ribbon. 

Oc(u*5ionally solid substances are used to pnHluce prc- 
cipitiites : thus a metal is not unfreciuently precipitatcil 
from the solution of its salt by the immersion in it of 
another met^il. 

Exp. 48. — Dip a clean jwnknife blade into some of the 
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copper sulphate solution left from Exp. 46, to which 
a few drops of sulphuric acid have been added ; after a 
short time the metal copper is i)recipitated from its so- 
lution and covers the iron as a red film. 



Filtration. 



29, This process serves to separate a precipitate from 
a liquid in which it is suspended. 

Tne liquid containing the precipitate is poural upon 
porous paper ; the liquid itself runs through the pores 
of the paper, but the solid particles of the precipitate 
are retained upon the surface of the pa])er. The paper 
employed is called filterhif/ paper and the liquid which 
runs through is termeil i\\Q filtrate, A filtrate may fre- 
quently be colored by some substance dissolved in it, 
but it must always be i)erfectly free from turbidity 
caused by solid particles suspended in it. 

Exp. 49. — Measure a glass funnel along its sloping 
side from shoulder to rim (Fig. 28). Select 
a circular filter paper, the radius of which is Fig. 28. 
somewhat less than this in length : fold it 
across^ then again at right angles and open 
it out into the little conical bag (c/. Fig. 29). 

If ready-cut filters are not at hand, cut a 
square piece of filter paper whose edge is 
rather less than double the length of the side 
of the funnel; fold it over along the dotted line (a. Fig. 
29), then again along the dotted line (/>) ; this gives a 
square (c) which at one angle has four free corners; 
these are removed by cutting with a j)air of scissors along 
the curved dotted line shown in (c). The filter is now 
made and only requires to be opened ; by separating the 
curved edges so that they form a circle, three remaining 
on one side of the circle and one on the other, a little 
closed pointed paper bag is formed (d), 

A filter of the same shape may be made from half an 
ordinary circular paper by folding this into a (|uadrant, 
doubling over the radial edges several times, and pressing 
them down sharply with the finger nail. This dispenses 




FILTRATION. 



witli the unused half of the filter, and renders filtration 
more rapid. 

Fig. 29. 




The folded filter ia gently pressed writh dry fingfra 
into the dry funnel, and the folding is altered, if neces- 
sary, until the paper fits the glass 
Fio. 30. closely ; it is then moistened all 

over with water from the wash- 
bottle and is ready for use. This 
preliminarymoisteningof the filter 
])a|>cr must not be uegTct-ted ; since 
if the liquid anil precipitate are 
jx>ure<l upon a dry filter, some par- 
ticles of the precipitate may get 
between the filnxs of the paj>er, 
g^^^ h^^^j ""*! these, shrinking when they arc 
'H^^ ^^B^ wetted, retain the solid particles, 
^K» which choke the jwres of the filter. 
Wf The funnel may be placcil with 

^^^^B ^'-^ , its no(;k in a test-tube which is 
supjKirtcd in its stand ; care must, 
I however, l)e t^ikcn that the inside 
of the upi)er i«»rt of the test tul)e 
is drj', and that there is a spiit« iKtweeu the neck of the 
funnel and the inside of the tube, for if the egress of 
air is prevented the filtration is stoppc<l. The funnel 
ia therefore preferably snpjKirtcd \\\ym the ring of n 
wooden filter stand {Fig. 3i)|, the filtrate lieing receivwl 
in a small beaker in^itead of in a n-st-tulw. Great c«re 
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must be taken whilst pouring iu the liquid not to let it 
reach the upper edge of the filter paper. 

Exp. 50. — Filter the liquid containing the precipitate 
of barium carbonate from Exp. 47. If the above di- 
rections have been carried out, and no hole has been 
made in the paper whilst preparing or fitting in the fil- 
ter, the filtrate will run through perfectly clear, leaving 
the barium carbonate on the filter. Keep the funnel 
with the filter and precipitate. 

The filter must always be of such size that when 
placed in the funnel its edge is below the rim. Some- 
times the filtrate runs through turbid ; tlie whole, or the 
first portions of it, must then be poured once or twice 
through the same filter; or a double filtration may be 
performed in one operation by pouring the liquid at once 
through a double filter. 

It should be borne in mind that a liquid passes through 
the filter most quickly when hot; hence, if not inadmis- 
sible for other reasons, a solution should always be 
boiled before being filtered. 

Common filter paper contains a little calcium carbo- 
nate; this is of no importance in an ordinary analysis, 
and is only objectionable when an acid solution has to 
be examined' for traces of calcium after filtration. To 
remove this impurity the filters are moistened in a fun- 
nel with dilute hydrochloric acid, and are tlicn well 
washed with distilled water. Filters may, however, be 
obtained at small cost which are practically free from 
soluble matter. 

Di-XANTATION. 

30. Precipitates which settle rapidly may frequently 
be separated without the Fio. 3i. 

use of a filter. The ves- 
sel is allowed to stand at 
rest until the precipitate 
has settled ; the liquid is 
then carefully poured off 
or decanted oy gently in- 
clining the vessel : a wet- f 
ted glass rod, pressed against the edge or lij) of the 
6 
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vessel (Fig. 31), prevents disturbance of the precipitate. 
This process, if carefully performed, effects a fair sepa- 
ration of heavy precipitates. 

Exp. 61. — Add dilute sulphuric acid to some boiling 
solution of barium chloride ; a heavy precipitate of ba- 
rium sulphate will be formed: this may be readily 
separated from the liquid by decantation. Keep the 
precipitate in the test-tube. 



Washing PREcipnATBs. 

31. A precipitate which has been separated from the 
liquid in which it was suspended must usually be washed 
until it is perfectly free from the adhering solution. 

Exp. 52. — Washing on the filter. — Support the fun- 
nel, which contains the filter and barium carbonate 
precipitate from Exp. 50, in a filter stand above a 
beaker or flask ; blow into it a fine stream of hot distilled 
water from the wash-bottle, so directing the jet as to 
stir up the precipibite : fill the paper to within a short 
distance from its edge; let this water run through per- 
fectly, then nearly fill the filter again in the manner just 
described ; repeat this process three or four times, letting 
the liquid run tly^ough completely each time before 
adding a fresh quantity. The precipitate and filter will 
usually thus be freed from everything soluble in water 
and the water running through will be tasteless. As- 
certain whether the washing is complete by collecting 
the hist few dropsy of the washing water in a clean test- 
tulxj, and adding to it a droj) of silver nitnite solution: 
no turbidity, indicating the presence of dissolve<l chloride, 
must Ixi produced. If turbidity apjwars, the washing 
must be continued and the washing water again 
tested. 

Exp. 53. — Washhui by der/vifafion. — The ])nH'ipitate 
of barium sul])h ate from Kxp. 51 may now l)e \vashe<l by 
decantation. Hot water is added, and is shaken, stirre<l,or 
boiled with the ])rei*ipitate, which isthenall(>we<l to settle; 
when the water has lxxH>me clear it is i>oured off as is shown 
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in Fig. 31. By repeatiug tliis washing process several 
times, with addition of fresh portions of boiling distilled 
water, the precipitate may be entirely freed from the 
adhering solution. As the washing water nins fi-om tlie 
fanael, test it occasionally with blue litmus i»apcr to 
ascertain when it ceases to redden the pajrer and is there- 
fore free from acid. 




Drying Precipitates. 

32. A precipitate is dried by i>lacing the funnel ii 
hollow tin cone or cylinder, called ajil- p,^ 33 
ter dryer (Fig. 32) ; this is supported 
on a piece of iron wire gauze upon a 
tripod stand over the flame of a rose- 
burner turned very low, or upon a 
heated iron plate or san<l bath. The 
funnel ia thus exposed to a current of 
hot air, which rapidly dries the filter 
and precipitate. Great care mast be 
taken so to regulate the heat as not to 
char the filter. 

A precipitate may be more rajtidly dried by draining 
it in the funnel, then removing the filter and s])reJiding 
it upon a piece of wire gsuize supported on the ring of a 
retort stand or upon a high trii>od stand ; a small flame 
from a rose-biirner is then placed beneath the gauze at 
a sufficient distance to prevent any lisk of charring the 
paper- 

A precipitate is jwrtially dried hy o|»oniiig out the fil- 
ter which contains it upon .'several dry filter jiapors, and 
allowing them to al>sorl> the water: tJiis ]iroc'eS3 may 
precede tJiosc already mentioned. 

Removing Precipitates from the Filter. 

33. A small quantity of a moist prwipitatc may lie 
taken from a filter most readily by dipping the end of a 
glass rod info it ; if a watch glacis or Ihc interior of a 
test-tube is then touched with the end of the nKl,a ]>or- 
tion of the i»recipitiite is deposital for further test or 
examination. 
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A bulky precipitate may often be taken out of the fil- 
ter in sufficient quantity by means of a glass or porce- 
lain spatula. 

If the precipitate is to be removed from the filter as 
completely as possible, several methods are available ; 
one or other of those described below must be chosen, 
according to circumstances. 

a. A hole may be made in the bottom of the filter by 
means of a glass rod, which is pushed down through the 
neck of the funnel : the precipitate is then easily washed 
down into a vessel beneath by a fine stream of water or 
other liquid from the wash-bottle. 

6. The funnel may be held with its neck horizontal. 
Fig. 33. ^"^ with its rim just inside the edge of 

a porcelain dish (Fig. 33) ; the precip- 
itate is then washed out by directing a 
fine stream of water from a wash-bot- 
tle against the inside of the filter, 
c. The filter and precipitate are al- 
lowed to remain in the funnel for some time in order to 
allow as mucli water as possible to drain away ; the filter 
is then carefully taken out of the funnel and further 
dried, if necassjuy, by laying it upon several folds of filter 
paper ; after removing the portions which contain no 
precipitate, tlic filter is spread out inside a porcelain 
dish ; the liquid with which it is to 1x3 treated is then 
poured into the dish, and by shaking this round and 
carefully rubbing the filter with the rounded end of a 
glass nxl, the ])recipitate is washed oiF without tearing 
the pa]>er. The filter paper is then carefully removed 
by a glass rod. 

(L If it is undesirable to add a liquid to the precipitate 
upon the filter, the filter and precipitate are allowed to 
drain for a short time, and are then removed from the 
funnel ; the precipitate may be further drained, if neces- 
sary, by laying the filter on several dry filter pajx?rs. 
The filter is then spreatl out upon a flat ]>ie<'e of glass, 
and the preei])itate is (tirefully serajKnl off with a gliuss 
rod presse<l flat u|K)n the pajHir, or with a small spatula. 
This method is usually the most iiu|KTfect, but is fre- 
quently the best for other reasons. 
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6. If a precipitate is to l)e dissolved oiF the filter, the 
liquid to be used as a solvent is heated and poured upon 
the precipitate ; it will run through the filter into a ves- 
sel placed below, taking with it the precipitate in solu- 
tion. The liquid, after it has run through, should be 
heated again and once more poured upon the precipi- 
tate if the latter is not entirely dissolved ; the liquid is 
reheated and returned to the filter in this way as long 
as anything remains undissolved ; if any portion of the 
precipitate still remains, it must be removed by the use 
of a fresh portion of the solvent. 

Exp. 54. — Remove in this way the pretdpitate of 
barium carbonate (Exp. 52) from the filter by means of 
hot dilute hydrochloric acid. 

/. A precipitate may also be removed from the filter 
by means of the liquid with which it is to be treated or 
dissolved in the following manner : The funnel is 
supported over a suitable veasel ; the liquid is poured 
in and quickly stirred up with the precipitate by means 
of a thin glass rod ; the bottom of the filter is then 
pushed out through the neck of the funnel by the glass 
rod, and the licpid carrying the precipitate will run 
through ; if some of the preci|)itate remains on the filter, 
the liquid is poured again through the filter ; by repeti- 
tion of this process all the precipitate may b(i removed. 



Use of Test Papers. 

34. The two vegetable coloring substances, lifmns and 
iui*menc, undergo marked changes of color when they 
are acted upon by certain substances. These changes 
serve to indiaite whether a liquid or gas is acid, alka' 
line, or neutral. The analyst is usually ])r()vi(le(l with 
slips of paper which have been stained with solutions 
of these coloring substances ; they are known as test 

;apers, and are easily distinguished by their color 
'he following experiments will explain their use : 

6* 
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Exp. 55. — Acidy alkaline, arid neutral readion. — Dip 
a clean glass rod successively into dilute hydrochloric 
acid, ammonium hydrate solution, and barium 
chloride solution : after each immersion of the rod, 
draw its end wetted with the solution successively 
across blue litmus paper, red litmus paper, and yel- 
low turmeric paper ; the following results will be ob- 
tained : 

Hydrochloric acid raldens blue litmus, but docs not 
alter the color of red litmus or of turmeric : it pos- 
sesses an acid reaction. 

Ammonium hydrate solution docs not affe^jt the color 
of blue litmus, but blues reil litmus and browns the 
turmeric : it shows alkaline reaction. 

Barium chloride solution does not affect the color of 
any one of the tost papers : its reaction is neutral. 

Each of these licjuids is typicjil of a large class of 
substances as far as its behavior with these test papers 
is concerned. 

ICxP. 56. — Xnifralization: addition of acid and alkali 
in excvHH, — Pour some (lihite hydrcK'hloric acid into a 
j)orcelain dish ; add solution of ammonium hydrate 
drop by drop, constantly stirring the liquid with a glass 
rod and touching the wet end of the rod against a piece 
of blue litmus paper ; by care a point may l>e rcjiched 
at which the li(piid does not affect the color of either 
blue or red litmus paiHT ; the acid is then said to have 
been neidridizcd by the alkaline licpiid. Add another 
dr(»p of ammonium hydrate and the liijuid will ac(|Uire 
an alkaline reaction : the alkaline solution is then said 
to have Ikhmi added in cxcchs. 

It will now be easilv understood how an alkaline 
solution may l)e neutral izc^l with an acid, and how it 
may i)e actdifird or niixc^l with arid in rxcetw. 

The process of neutralizing a litjuid is most readily 
completed by the addition at the last of very <lilute aei<l 
or alkaline solution. 

In sei(H*ting between red litnuis and turmeric test pa- 
|)ers for the detection of an alkalin<' reactit>n, it should be 
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remembered that turmeric is usually more sensitive than 
red litmus^ but that it fades quickly when exposed to 
daylight. 

A very turbid liquid often forms a deposit on test 
paper which conceals its color : the color is, however, 
usually visible on the back of the paper, or may be 
easily seen when the deposit is washed off' by a stream 
of distilled water from the wash bottle. 

Test papers must always be kept in a stoppered 
bottle in order to guard them against change by fumes 
in the laboratory air : the bottle should be shielded 
from light as much as possible. 



Ignition. 

35. Solid substances are occasionally heated strongly 
or ignited in order to study the effect of heat upon them, 
since by this means their composition or nature is fre- 
quently revealed more or less completely. Ignition also 
serves to remove volatile from non-volatile substances. 

Exp. 57. — Heat some zinc oxide in a small igni- 
tion tube; its color will be lemon yellow whilst hot, 
but will change to white again on cooling. These 
changes of color show the substance to be zinc oxide. 
In the early stage of the heating drops of water will 
probably condense in the upper part of the tube, prov- 
ing the presence of moisture. 

Exp. 58. — Heat a little mercuric oxide in a small 
test-tube or ignition tube (6); after a short time minute 
shining drops of the metal mercury will be seen in the 
upper part of the tube; if then a small splinter of 
wood with a spark at its end be held in the tube, it will 
burst into flame. The l)ehavior of this red powder 
on being ignited shows that it contains the elements 
mercury and oxygen. 

Exp. 59. — Heat a few particles of chan^oal powder 
on platinum foil by directing the tip of the blowpipe 
flame against the under surface of the foil ; the char- 
coal will slowly burn away; this behavior is peculiar 
to carbon and to a few other combustible substances. 

Exp. 60.— -Heat a piece of ammonium chloride in a 
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small test-tube ; the ammonium chloride being volatile 
will pass off as vapor, or volatilize, and the vapor 
cooling in the upper part of the tube will form a coat- 
ing or mblimate, 

Exp. 61. — Heat in the same way a small piece of 
potassium chloride ; this will melt, but will not disap- 
appear, since it is only slightly volatile ; it will become 
solid again on cooling. 

Hence, if a mixture of ammonium chloride and potas- 
sium chloride is heated on platinum foil, the potassium 
chloride alone is left in the residue, since the ammo- 
nium chloride is removed as vapor. 

Large quantities of substance are usually ignited 
either in porcelain or in platinum vessels. 

It is a necessary condition of simple ignition that the 
substance shall not undergo chemical alteration by con- 
tact either with the flame or with the substance of the 
vessel or support. 



Fusion with Reagents. 

36. A substance is often melted or fused with certain 
solid reagents in order to cause chemical changes to oc- 
cur which yield a characteristic result. 

Exp. 62. — Place on a piece of platinum foil a little 
powdered sodium carbonate and potassium nitrate, and 
then add a minute quantity of manganese dioxide ; hold 
the foil with crucible tongs in the top of the Bunsen 
flame, or heat the under surface of the foil with the 
point of the blowpipe flame. The mass will soon melt 
or fuse, and should be kept in a melted sbite for a short 
time and then allowed to cool. A bluish green mass 
will remain upon the foil, the color of which is due 
to the sodium manganate which is formed by the 
fusion; this color is produced only when manganese 
is present, and serves therefore as a test for that 
metal. 

In this experiment the solid substances alone react 
upon one another, the gases of the flame taking no |)art 
in the change. 
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Flame Reactions. 

87. The use of the blowpipe has been already ex- 
plained (5), but hitherto this instrument has been con- 
sidered only as a means of obtaining a hot compact 
flame playing in any desired direction. 

The gases of either the blowpipe or the Bunsen flame 
may^ however, play the part of reagents in affecting the 
composition of the substance which is being heated. 
In order to understand the nature of these changes 
the structure of the flame must be carefully ob- 
served. 

In a well-formed blowpipe or Bunsen flame two parts 
may be distinguished : the inner flame, which is blue and 
pointed, and around and beyond this an almost color- 
less flame known as the oider flame. The inner flame is 
often called the reducing or deoxidizing flame , because it 
separates or reduces metals from their oxides and from 
many of their compounds, and in general deoxidizes sub- 
stances ; this is due to the action of the hot but unburnt 
hydrogen and carbon present in this part of the flame. 
The outer flame is also known as the oxidizing flame , be- 
cause it changes metals into their oxides and oxidizes 
many other substances by exposing them to oxygen at a 
high temperature. 

The inner flame is best obtained of large size by plac- 
ing the tip of the blowpipe nozzle only in the very edge 
of the flame : whilst the outer flame is better developed 
when the nozzle is pushed much further into the 
flame. The reducing flame is also furnished most 
readily when the gas flame is made somewhat lum- 
inous by partially closing the air-holes of the Bun- 
sen burner : the oxidizing flame is most perfectly 
formed when the Bunsen flame contains much more 
air. 

In the following processes the results obtained will 
usually vary according to the part of the flame in which 
the substance is heated : 

88. Fusiojimth borax : the borax bead, — Certain metals 
and their compounds when fused with borax are converted 
into colored borates : the color of each of these borates is 
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characteristic either in itself or in the changes which it 
undergoes in the outer or inner blowpipe flame. 

Exp. 63. — Place a little powdered borax on a watch 
glass ; moisten the loop of a piece of mounted platinum 
wire (7) and dip it into the borax ; then hold the loop 
with the adhering powder in the outer blowpipe flame 
until the borax melts. If the bead thus formed does 
not fill the loop, dip the melted bead again into the 
borax ; more powder will adhere and may be melted in 
the flame. In this way powder is to be constantly 
added until a drop or bead is obtained which completely 
fills the loop. This bead must be j)erfectly colorless 
and transparent when it is cold. 

If the melted bead easily drops from the wire, either 
the loop or the bead is too large. A loop which is some- 
what less than an eighth of an inch across answers well ; 
it is made by rolling the tip of the wire round a piece of 
rod. If the bead is too large, remove a portion by giv- 
ing the wire a sudden jerk whilst the borax is in a fused 
condition. 

If the Ixjad shows any color, it is jerked off whilst 
fused and another bead is made from fresh borax ; this 
process is rei)eate<l, if necessary, until a bead is obtained, 
which, after having been heated in the outer blowpipe 
flame, is colorless both hot and cold. 

Moisten the clear cold borax l)ead and dip it into some 
finely-powdered manganese dioxide; a few minute par- 
tides only are to be thus attac^hed to the bead. Then 
fuse this substance into the bead by heating it for a short 
time in the tip of the outer blowpiixi flame, and at once 
examine the color of the bead by looking through it 
at a piece of white pajxjr or at a window light or bright 
flame ; it will be purple or anicfhj/st red whilst hot, and 
its color will not alter on cooling. Now heat the l)ead 
again for some time in the tij) of the inner blowpijKJ 
flame; its color wull vanish, but will reappear when 
the bead is heated at the tip of the outer blowpijK) flanu\ 
These changes of color in the bonix bead characierize 
the metal manganese. 

A beginner often obtains at first a bead which isopa<pu'^ 
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owing to the use of too much manganese oxide : if this 
should happen, the bead may be fused and a portion of 
it shaken oif and replaced by fresh borax. 

The bead is detaclied while it is liquid by giving the 
wire a sudden jerk ; it may also be removed when cold 
by crushing it on a hard flat surface by a sharp blow 
with the pestle- 
Two mouuted platinum wires should be kept, their 
loops when not in use being always immersed iu dilifte 
hydrochloric acid; they will then only require to be 
washed with water before being uswl. 

39> IffniUon on chairxxd in the, blowidpe fiaine. — 
Wood charcoal, on account of its cheapness, its infusibil- 
ity, and its non-conducting power, is a very useful sup- 
port for substances whicli are to be strongly heat^ m 
the blowpipe ilanie. 

It is often, however, selected on account of the re- 
ducing or deoxidizing power which it can exert at a high 
temperature, which renders it entirely unsuitable for 
oxidizing processes such as that described in Exp. 62. 

Ignition ou charcoal therefore serves chiefly to detect 
the presence of the heavier metals : these arc smelted 
out by the reducing action of the inner blowjiiire flame 
aided by that of the rcil-hot charcoal. The assistance of 
other solid reagents is, liowever, often ncca-isiiry or at 
least advaut^eous. The vapor of some mctuls burns 
as it leaves the charcoiil, and the metallic oxide is de- 
posited as au incrustation. p^^ 3^ 
The white ash left by com- 
bustion of the charcoal must 
not be mistaken for such an ,' 
incrustation. 

Exp. 64. — Choose a piece 
of wood charcoal which is 
free from large cracks, and 
which does notcrackle ors[iit 
when heated in the blowpi[>e 
flame; scoop out a small hoi- ~ 

low near one end of it witli a knife or with a charcoal 
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borer ; place in this cavity a small quantity of powdered 
lead acetate and sodium carbonate, and mix the pow- 
ders together in the cavity with the point of a pen- 
knife. Heat this mixture in the inner blowpipe flame, 
holding the charcoal in such a way that the rest of the 
flame plays over its surface (Fig. 34). 

Bright globules of lead will soon be visible in the 
cavity ; and on removing the charcoal from the flame, 
thfe surrounding surface will be found to be colored 
with a yellow incrustation. 

One of the little globules of metal should be taken off 
the charcoal with the point of a {)enknife, and struck 
smartly with the i>estle on the bottom of the inverted 
mortar ; it will flatten out into a cake, showing that the 
metal is nuxUeable and not brittle. 

Another globule, when cleansed and stuck on the {)oint 
of a penknife blade, will be found to mark paper as 
black lead docs. 

Le^d compounds alone give a yellow incrustation and 
malleable globules which are soft enough to mark paper; 
this test therefore serves to detect their presence. 

40. Washing and Itvigation of the roiiduc left on the 
charcoal, — Metallic globules produced as is directed in 
the preceding experiment are usuiilly visible, at least 
with the aid of a lens ; they are also ciisily detach al from 

Fi(i. 35. 




the charcoal. Hut fine metallic particles or scales are 
usually only dete<*ttHl an<l sepnnited by <letacliing the 
fustnl residue from the charcoal after it has cfM»le<l 
with the point of a ix^iknife, and tTiisliinjr it in a 
mortar or in a i)orcelain dish with a little water; 
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the water is then quickly decanted doAvn the wet 
pestle held against the edge of the vessel (Fig. 
35) ; the light suspended particles of charcoal, to- 
gether with soluble substances, are thus poured off, 
whilst the heavier and insoluble metallic powder will be 
left. By repeating this process of leiigation the metal 
may be obtained free from soluble substances and char- 
coal, and may then be further examined by a lens or 
m^net or by other tests. 

Exp. 65. — Fuse a mixture of copper sulphate and 
sodium carbonate on charcoal in the inner blowpipe 
flame and levigate the residue as is directed above ; little 
red soaks of copper will be obtained. 

Treat in the same way a mixture of ferrous sulphate 
and sodium carbonate; a grey potcder consisting of 
metallic iron will remain; this, when touched under 
water with the point of a magnetized penknife, will 
attach itself in the form of a tuft to the point. 

Flame Colorations. 

4L Many substances when heated in a non-luminous 
flame emit vapors which impart characteristic colors 
to the flame. The blowpipe flame may be employed to 
obtain these colorations, but a Bunsen flame answers the 
purpose well ; on account of the lower temperature of 
this flame, however, many colorations are not obtained 
with promptness or intensity. 

The Bunsen flame when used for this purpose may 
be partly surrounded with a conical chim- Fig. 36. 
ney, which steadies the flame considerably 
(Figs. 36, 37, 38) ; the supply of air en- 
tering by the air-holes is then so regulated 
that a small partly luminous point appears 
near the top of the flame ; the platinum 
wire is held either in this luminous point 
or just below it. 

Exp. 66. — Hold a platinum wire loop, 
which is not more than an eighth of an inch in diame- 
ter, in the inner blowpipe flame ; if the wire is clean, 
it will become red hot without coloring the flame. If 

7 
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it colors the flame, the wire must be boiled with hydro- 
chloric acid in a test-tube and then rinsed well with 
water ; or it may be wetted with strong hydrochloric 
acid, and heated strongly in the blowpipe flame until it 
no longer colors the flame. If the loop cannot be 
cleansed in this way, the end of the wire must be cut 
off and a fresh loop formed. 

Now dip the wire loop into a little sodium chloride 
solution, made by dissolving some sodium chloride in a 
few drops of water on a watch glass, and see on re- 
moving the loop that it is filled by a drop of the solu- 
tion ; then hold the loop at the tip of the inner blowpipe 
flame ; the outer flame will be colored bright yellow. 

Repeat the experiment, placing the loop containing 
the solution in the outer part of the Bunsen flame about 
half-way between its base and top; the same yellow tint 
will be seen above the loop. 

This yellow coloration is given to the flame only by 
sodium and its volatile compounds : on looking at it 
through the indigo prism, no yellow coloration will be 
visible. 

Remove all sodium chloride from the platinum wire 
loop by heating it strongly in the tip of the blowpipe 
flame until it ceases to impart any color to the flame. 
Then dip the wire loop into some solution of ^Jt^re potas- 
sium nitrate : this will impart to the flame a pah lilcui 
color, which is characteristic of potassium and its com- 
pounds. On looking at this coloration through the 
indigo prism it will appear crimson. 

Exp. 67. — Now dip the wire loop into a mixture of 
a few drops of the sodium chloride and potassium 
nitrate solutions made on a watch-glass ; when the loop 
is held in the flame the sodium coloration only will be 
seen ; but if this coloration is then viewed through the 
indigo prism, the crimson potassium coloration will be 
seen distinctly. By means of the indigo prism potas- 
sium is therefore dis(»overable even in the preseiu^e of 
sodium, which conceals its coloration to the naked eye. 

The Spe<tu<)scx)pe. 
42, This instrument furnishes by far the most certain 
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meoDS of detectiDff substances by their flame colorations, 
more especially when the colorations due to several sub- 
stances are mingled in the flame. The colored light 
is separated into its constituents by passing through one 
or more prisms in the spectroscope; the colored lines 
thus seen are termed the spectrum of the substance, and 
by their color and relative position they serve to iden- 
tify the substance with certainty. This is equally true 
whether the flame coloration is produced by one sub- 
stance only or by several, since the constituent colors 
are in any case seen without interference one with an- 
other. 

Two forms of this instrument are figured here. The 
direct vision pocket spectroscope, which is shown ready 
for use in Fig. 37, is recommended by its portability; 
whilst the Bunsen or table spectroscope, shown in Fig. 
38, is to be preferred for general use as a stationary 
piece of apparatus in the laboratory. The light enters 
each of these instruments through a slit, the width of 
which can be adjusted to suit strong or feeble colora- 
tions : the rays of light after entering are rendered less 
divergent by traversing a lens, and then pass through 
one or more prisms ; they are finally focused by means of 
a sliding eye-piece, so as to give a sharp image of the slit. 

Exp. 68. — The student should now proceed to work 
with either or both of these instruments. 

The direct vision spectroscope is arranged for use by 
supporting it in a clamp steadily in front of the flame 
(Fig. 37); the slit is then slightly opened and the eye- 
piece so adjusted that the yellow line, due to the sodium 
compounds present in the atmospheric dust, is sharply 
focused. Or the instrument may be held in the hand 
and directed on the flame; in this case it is most readily 
focused on the dark Fraunhofer lines, which are seen 
on looking through a window at ordinary daylight. 

The Bunsen or table spectroscope (Fig. 38) has usually 
three brass tubes: one of these «\rries the adjustable slit, 
another the eye-piece, and the third a transparent photo- 
graphic scale. The instrument is brought into adjustment 
by placing a Bunsen burner with closed air-holes in front 
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of the slit; on lookiDg through the eyepiece at this lumin- 
OUB flame a conUnuoua Bpectrum of unbroken colors will 

Fio. 37. 



be seen : the upper and lower edges of this spectrum are 
sharply focused by moving the eye-piece : and the two 

Flu. 38. 




tubes arc arningptl at such an angle as to givo the longest 
complete .si>e<-triim i«»«ible. The tulns must iiuw either 
be permaueutly elanii>ed, or so uiarkwi that ihey can at 
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any time be brought readily into the same position witli 
certainty. Air is then admitted into the Bunsen flame by 
opening the holes of the burner, and the yellow sodium 
line, which is always visible, is sharply focused. Tlie 
bright flame is lighted opposite tlie end of the scale tul)e, 
the scale is focused, and the scale-tube is shifled until 
the yellow sodium line stands at the fiftieth graduation. 
This line will of course be seen in all the following ex- 
periments. 

Having thus brought the instrument into adjustment, 
the student should proceed to introduce into the front of 
the Bunsen flame, and just below the slit, a platinum wire 
loop moistened successively with solution of sodium chlo- 
ride, potassium chloride, barium chloride, strontium ni- 
trate, and calcium chloride. The wire may be conveniently 
supported in the flame by slipping its glass handle upon 
a norizontal wire arm, whose height is adjustable on a 
stand such as is represented in Figs. 37, 38. Colored 
lines will be seen which are always the same in color 
and position for the same coloration, but vary in these 
respects with the colorations of different substanc'es. This 
line spectrum is therefore characteristic of each vapor 
which colors the flame. 

The pocket spectrosco])e is not usually furnisheil with li 
scale; if it is not, the relative position of the linos of any 
particular spectrum can only be jotted down or remembered 
with approximate accuracy; since the yellow sodium 
line is never absent, it will furnish a useful landmark in 
the spectrum. 

The scale of the larger spectroscoi)e enables the position 
of the lines to be marked down, and they are thus easily 
identified again if the instrument is brought invariably to 
the same adjustment. The lines, however, will vary in 
position in different instruments, owing not only to vary- 
mg adjustment, but to differences in the material and 
angle of the prism. Hence, when mapping down the 
lines in a spectrum chart for future use, the instrument 
must always be set in precisely the same way if the chart 
is to be of any use; and further, a separate chart is 
necessarily made for each sj>ectroscope. 

7* 
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The accompanying spectrum chart (Fig. 39) will show 
the student a convenient method of mapping the lines, but 

it is ouly intended for use with the spectroscope for which 
Fio. 39. 




it was made. In this chart the varj-ing intensity of the 
lines is indicated by their varying thickness, and their 
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color by the name of the color over the region in 
which the lines occur; the position of the sodium line 
is marked in each spectrum. The student should care- 
fully make sucli a chart, marking in the linos witli pen 
or pencil on a white ground, and phicing against each 
line the number of the scale gnuluation at whicii it 
stands; the relative intensity of tlie lines should also be 
indicated by the Greek letters ai)plieil in the order of 
decreasing intensity. 

It will be found conveni(»nt to re«j:istor this chart in 
the note-book, or to suspend it near th(» instrument. 

AsiKXJtrum may be identified, evon wIumi the instru- 
ment has not l)een carefully adjusted, by throwing in a 
known coloration from another flame through a part of 
the slit by means of a little reflecting glass prism, and 
observing whether the unknown lini^s exactly corre- 
spond with those of the known coloration. 

Exp. 69. — After the student has ciircfully examined 
and mapped the s])e(;tra of several of the metals men- 
tioned in the sjKJctrum chart, he should examine some 
mixed 8[Kx;tra obtjiined from solutions containing the 
salts of two or more of these metals ; the ease with 
which metals can Ixi found by means of the spectroscojH^ 
in the presence of one another will thus become evident. 

The delicjuy of thismeth(Kl of detecting cerhiin metals 
is extreme. Thus it is only in the stillest air, which is 
almost absolutely free from dust partic^les, that the 
sodium si>e<.'trnm is not obtiiinal from a Bunsen flame. 
By using extremely dilute solutions of metallic sidts, 
this delicacy may l>e proved in th(» (it«(? of other metals. 
Bunsen states that one three-thousand millionth of a 
gram of sodium can be det(H*ted by the spectrosco]>e. 

It is by no means a matter of indifference which 
compound of a metal is selected for obtaining its flame 
coloration or spectrum. The most volatih^silts, such as 
the chlorides, nitrates, andchlonites, give the most vivid 
but least durable result; whilst the coloration is 
increasingly feeble with the sulphate, carbonate and 
phosphate; and is not usually obtainable from 
the silicate. In most cases a coloration becomes more 
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intense if the finely-powdered substance is moist- 
ened with strong hydrochloric acid ; but in the case of 
a silicate it is usually necessary to moisten the powder 
with hydrofluoric acid, or to mix it with pure ammonium 
chloride and calcium carbonate before introducing it 
into the flame. 

The width of the slit is regulated according to the 
intensity of the lines to be look^ for ; a bright line can 
be observed with a narrow slit, and its position is then 
noted with great precision. The slit must, however, be 
opened much more widely to see a faint line, such 
as K^. Great breadth of the lines is objectionable, 
since it prevents their position on the scale being accur- 
ately noted, and often causes the edges of neighboring 
lines to overlap. 

The background of the flame should be absolutely 
black, to prevent admission of stray light ; a piece of 
black velvet hung behind the flame gives a good back- 
ground. 

Careful observation of the flame through the spectro- 
scope is necessary from the moment that tlie substance is 
introduced until the wire loop has been heated to 
whiteness for some time, since some very volatile sub- 
stances give only a momentary flash of color in the 
flame, while others, whicli are far less volatile, color 
the flame only at the highest temperature obtainable. 

The spectroscope is of special use in analysis : — 

1. For readily detecting metals when their flame 
colorations are concealeil by that of sodium ; and gener- 
ally for detecting metals when their colorations are 
mixed in the flame. 

2. For distinguishing similar colorations from one 
another: thus the red coloration of strontium is readily 
distin<^uislicil from that of calcium by the strongest red 
line in their si>ectra Ix^iiig at different distances from 
the sodium line, and further by the characteristic blue 
lino of strontium and the grcKin line of calcium. 

3. For detecting minute traces of many metals which 
could scarcely be discovered by other means. The 
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metals lithium^ indium, thallium, rubidium and caesium 
were discovered by their spectra ; and as they usually 
occur in minute proportion only, they are most conve- 
niently detected by the spectroscope. 

In the more powerful spectroscopes several prisms 
are used, and the lines of the spectra become more 
widely separated: their position may then be noted 
with great precision by moving the observing tube until 
each fine in succession is brought into the middle }K)int 
of the cross wires in the eye-piece; the position of the 
eye-piece is then read off on the graduated edge of the 
circular table on which the prisms stand, and registers 
the relative position of the line. Instruments of great 

Sower and precision are, however, not requisite for or- 
inary analytical work. 



SEOTIOTT IV. 



ANALYTICAL REACTIONS. 



The student will find many paragraphs in this section marked 
with an asterisk (*): these may be omitted if the analysis of 
simple salts only is to be learnt. They will, however, require 
the careful attention of the general anaWst. 

Reactions printed in small type are of minor importance. 



Introductory Remarks. 

The study of cliemistry has revealed to us the fact 
that every substance consists either of one kind of mat- 
ter only, or of two or more different kinds. These sub- 
stances which contain only one kind of matter are called 
chemical elcnwnfs; their numlxir at present amounts to a 
little over sixty. A list of them is ^iven at the end of 
the book (562). These elements do not usually occur 
sinj]jly ; two or more of them are (H)ramonly found to- 
gether either in a state of mere inuinrcy or united iu a 
much more intimate manner in a rhnninil compoumi. 

It is the object of analytical cliomistrv to discover 
what element, elements, or somctinuN what jrnmps of 
elements, any substance* of unknown compositi(m con- 
tains ; also to ascertain whether any particuhir clement 
or group of elements is present in a given snl>stance. 

In order to lKH*ome a thorongli analyst it is necessary 
to l)e accjuainted with the projHTties of each clement 
an<l of th(^ compounds it forms with other elements; 
ami eflieiency in analysis therefore dejM'nds in a larire 
measure ujkhi the knowlcMlire of what i< usual Iv fernuKl 
tbcorriicalj but more appropriately (f<srrij)firr rlirmis- 
try. For on! i nary analytical purposes, however, certain 
70 
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marked properties or changes each element or group of 
elements are selected, and by these properties, called 
tests or reactmis, its presence is detected. 

The tests or reactions which are most frequently se- 
lected depend upon the behavior of a substance when 
heated under various conditions, and upon its behavior 
when mixed with certain liquid or solid substances. 

Such substances, added for analytical purposes, are called 
reagents. Some reagents serve for detecting one element 
or compound only, and are therefore called special rea- 
gents : others separate or detect a group of elements or 
compounds, and are called group reagents or general 
reagefixts. 

Analytical groups. — The metals are separated by their 
behavior with certain general reagents into five princi- 
pal groups, two of these being further subdivided into 
two sub-groups. Each group receives a distinctive 
name from its place in the system, from some conspicu- 
ous or important member of the group, or from the gen- 
eral reagent used to precipitate the group. Thus we sj^eak 
indifferently of the Fourth Group, the Barium Group, 
or the Ammonium Carbonate Group. At the beginning 
of the fifth section the analytical groups are tabulated, 
with their distinctive numbers, names, and group rea- 
gents placed at the head of oavXi column : the names and 
symbols of the metals contained in the group are ar- 
ranged vertically beneath. It is perhaps well to avoid 
referring to a group by its number, as different analysts 
number the groups differently, and the name thus given 
is therefore apt not to denote the group with certainty. 

Analytical dassification, — The chemical elements 
are frequently divided into two classes, metals and 
non-metals. These classes, with the following slight 
modifications, form convenient divisions for analytical 
purposes. In the class of metals must l)e included 
the hypothetical metallic radicle ammonium, and 
the element hydrogen. The class of non-metals, 
either singly or in grouj>s formed by their combination 
inter se or less frecjuently with a metal, unite with hy- 
drogen and with metals forming salts ; the hydrogen 
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salts of these radicles are usually called oc/cfe. Thus 
CI, SO4, PO4, MnO^, form the hydrogen salts or acids, 
HCl, H^SO^ HjPO^ HMnO, ; and the metallic salts, 
KCl, MgSO^, NagPO^, KMnO^. Metal hydrogen salts 
or acid salts ^ such as NaHSO^, Na^HPO^, are also known. 
The general name acid-radide is conveniently applied to 
CI, SO4, PO4, Mn04 ; some of these are elements, but 
most of them are unisolated compound ra^icZeg, and their 
common property is that of forming acids and salts by 
combining with hydrogen and with metals. For ana- 
lytical purposes, then, substances may be separated into 
the groups of Metals and Acid-radicles. 



The Analytical Reactions. 

43. In order to become fully acquainted with the be- 
havior of different substances with reagents^ and thus 
to be able to detect them by their reaxstions, each of these 
reactions should be tried with the substance itself or with 
one of its compounds ; the appearances presented are 
then carefully ol)served, so that the substance would be 
easily recognized in a Ixxly of unknown composition by 
means of these tests. 

The addition of a reagent to a substance causes some 
important and visible change to occur ; this may be sim- 
ply a change of color, but it very usually consists in 
the formation of a precipitate ; the color, appearance, 
or behavior of this precipitate with other reagents being 
characteristic of a particular element or compound radicle. 

As soon as a reaction has been satisfactorily per- 
formed, it should be briefly descril)ed in the note- book in 
a neat and concise manner ; and the nature of the chemi- 
cal change which has occurreil should then be explained 
by means of a chemical equation. This will involve 
the correct use of chemicid symbols and formula?, and a 
right conception of the meaning of an ccpiation. For 
full information on those matters a treatise on theoreti- 
cal chemistry should Ik? consulted ; the few hints which 
follow will, however, serv^e to guard and guide a student 
who has not had much experience in such matters. 
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Ckemiccd notation. — Each element is represented by a 
symbol consisting of one or two letters; thus S stands 
for sulphur, CI for chlorine. The symbol also repre- 
sents (me dtom of each element ; when written one after 
another symbols give the formula of a compound sub- 
stance, showing what elements, and how many atoms of 
each of these elements, the compound molecule contains: 
thus KCl stands for one molecule of potassium chloride, 
a com})ound of one atom of pohissium and one atom of 
chlorine; PtCl^ stands for one molecule of platinic 
chloride, which consists of one atom of platinum com- 
bined with four atoms of chlorine, the small figure placed 
bdow a synibol to the right denoting how many atoms of 
that element are prascnt. A number placed before a 
/ormufa, however, multiplies each symbol in that formula; 
thus 2PtCl4 signifies two molecules of platinic chloride, 
containing alt<:)gether two atoms of platinum and eight 
atoms of chlorine. If two or more symbols are included 
in brackets, any number placed outside the brackets, 
whether it be before or after and below them, nmltiplies 
each symbol contained in the brackets ; thus both 
Si<N03)2 and Sr2(N03) stand for SrNA, and this may 
also be written Sr2X03. 

In the seventh sec^tion of this book will be found a 
list of the elements, with their symlx)ls and atomic 
weights; also lists of the names and corresjx)nding 
formuliB of most of the principal compound substances. 
Symbols and formula; are always used in the text instciul 
of names; the student can readily find the names corre- 
sponding to them cither by reference to the lists already 
mentioned, or by looking at the labels on the reagent 
bottles. 

Rides for drawing out a chemical erpiaiion. — Write 
down the formula; of the substances which are 
mixed together, with the sign of addition (-f ) l)etwe(»n 
them; then write the sign of equality (=), followed 
by the formula of the prec'ipitate or prcnluct formed. 
In mojst analyticid reactions a mutual exchange of 
certain elements or groups of elements, or a double 
decomposition^ occurs between the two compounds; 
8 
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a little consideration will therefore usually show how 
many molecules of the mixed substances are required to 
yield the formula for the precipitate or principal pro- 
duct ; it will also be seen whether any other substance is 
formed at the same time; and if it is formed, its 
formula may be easily deduced. 

The number of atoms of any one element on both 
sides of a correct equation must always be equal. 

Applying the above rules to the first test for potas- 
sium (47), we get : 

KCl + PtCl4 = K^PtCle. 
This statement is obtained by placing together the 
formulae of the substances mixed and of the precipitate 
formed ; it is evidently not correct, since there are two 
atoms of K on the right hand side and only one on the 
left, also six atoms of CI on the right and only five on 
the left ; but this inequality is at once removed if we 
place 2 before the KCl, thus : — 

2KC1 + PtCl, = K^PtClfi. 
Evidently if the above equation is correct the precipi- 
tate is here the only sul)stance formed, since the num- 
ber of atoms in the substances on the left hand side is 
exactly equal to that in the substance on the right. 

Take now the first test for Ba (69) ; our tentative 
statement is : ^ 

BaCI^ + Am^CO, = BaC()7 + 
But here the left hand side contains \\\\ and CI, more 
than the right; the equality is easily restored thus: 

BaCIa + Am2C03= BaC()7+ 2AmCl, 
which states that on mixing together barium chloride 
(BaClg) and ainmoniuni carbonate (Am^CO^), barium 
cjirbonate (BaC03)and ammonium chloride (AmCl) are 
obtained. 

In writing out these equations a systematic method 
should l)e observed. Write down on the left hand side of 
the (Hjuation first the formula of the sul)stan(*c» u|K)n which 
the reaction is IxMUg trie<l, then that of the reagent added; 
and on the right hand side write first the formula of the 
precipitate or principil product with a line drawn over it 
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by way of distinction, then that of any substance or sub- 
stances which may be formed at the same time. 

In the reactions which follow, the formulae of the 
substance used, of the reagent added, and of the precip- 
itate produced will always be given ; these furnish suf- 
ficient data to enable the student to form the equation ; 
only where the equation is exceptionally difficult or 
complicated will it be given in full. 

Abbretriations, — For convenience in hasty writing, it 
is not uncommon to employ abbreviated formulae for the 
compound radicles, especially for such as are constantly 
met with or are of unusual complexity. In the text 
only such abbreviations are employ(Kl as save the use of 
brackets or of numbers : thus Am2 is a short rendering 
of (NH,)^, and Hog of H A. 

The following are the abbreviations used : 

Am for (NH4), the metallic radicle ammonium. 
T " (C^Hfi^f the acid radicle of tartrates. 
A " (C2H3O2), the acid radicle of acetates. 
Cfy " fFeCyg), in ferro- and ferricyanides. 
Ho " (HO), the radicle occuring in hydroxidas. 

The following contracted words are also use<l : 



expt for experiment. 

pp, " precipitate. 

PP^ ** precipitation. 

pp^ " precipitated. 

80L " soluble. 



insol. for insoluble. 

sol'*- " solution. 

crijsi^*, " crystalline. 

coh- " coloration. 



The example of entry which follows has been selected 
from paragraphs 47-50 : it will serve as a sixicimen of 
the brief entry of reactions in the note-book : 

Potassium (K). — Used KCl. 

1. PtCl^: stirred on watch glass: yellow cryat"'' pp., sol. in mucli 

water and in KHO, insol. in alcohol: 2KC1 -f PtCl, = 

2. Nafff well shaken in a test-tube: white cryst°^pp., sol, in wa- 

ter, in KHO, and in HCl : KCl + NaHT = KHT + NaCl. 

3. Flame col''- : pale lilac, crimson through the indigo prism : a 

red and a violet line at the extreme ends of the spectrum. 

4. Heated in tube or on vlatinum foil : solid KCl melted, but 

gave no fumes: hence it is not volatile. 
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General Rules for Working. 

44, The student should attend carefully to the fol- 
lowing precautions ; they will most materially aid the 
progress and accuracy of his work, and, if observed from 
the commencement, they will not be felt irksome : 

1. Before commencing work look through the reagent 
bottles belonging to the working bench (550) ; replace 
any which are absent, and see that the bottles are ar- 
ranged in the order shown by the number on the labels. 
Then proceed to fill any which are empty, and to relabel 
any whose labels are imperfect or loose : also filter any 
of the liquid reagents which are not quite clear when 
shaken. 

2. Arrange the apparatus required for use on the back 
part of the bench, so as to leave the front p^ free to 
work upon ; this will also lessen the risk of upsetting 
anything. See Frontispiece. 

3. All glass and porcelain which is not in use should 
then be carefully cleansed ; but this ought to be un- 
necessary, as apparatus should never be put away 
dirty. 

4. When using a reagent bottle take it in the right 
hand, remove the stopper by grasping it between two of 
the fingers, or between the fourth finger and palm, of 
the left hand ; hold the stopper in this way, and replace 
it immediately after the bottle has been used. Pour the 
liquid out of the side opposite to that bearing the label, 
and prevent the last drop from running down the out- 
side by touching the lip of the bottle either with the 
stopper or against the clean edge of the vessel. Solid 
reagents should be taken out of the bottle on a clean 
knife-blade or horn spatula, or with a slip of clean card- 
board or paper. Eadi bottle mtuit be rcsioppered and re- 
placed on the shelf in its proper place iritfi the label out- 
wards immediately after use, and must never be left stand- 
ing on the icorking bench. 

5. If a solution or precipitate has to l)c put by for some 
time always label it with a piece of guniincHl paper l)earing 
an inscription or a reference number which is explained in 
thenote-book,aiul which is sufficient to rwal I tomind what 



46.] RULES FOR WORKING. 77 

- . - 

the solution or precipitate consists of: never trust to mem- 
ory in ihis matter, 

6. Brass crucible tongs must never be employed for 
holding hot evaporating basins containing acids, as 
some of the brass is apt to be dissolved and thus intro- 
duced into the solution. A hot dish may be moved 
either by holding it with a cloth or by lifting the stand 
upon which the dish is placed. 

7. Liquids only are to be poured down the sinks ; all 
solid refuse, such as solid filters, broken glass, and pieces 
of charcoal, must be thrown into a box placed in an 
accessible position in the laboratory, or into a small 
earthenware jar or dish placed upon each working bench. 

8. When a substance is being examined to find out 
its composition the student must fully write down in 
the note-book each test or process, with the result ob- 
tained, as soon as it is completed. The analysis is thus 
written out gradually as it progresses : on no accoimt 
must the entry of the results be left until the completion of 
the analysis This rule cannot be too strongly enforced, 
as neglect of it always causes uncertainty and confu- 
sion. The most convenient form of entry is that of the 
Analytical Tables. 

9. Cleanliness and neatness in analytical work cannot 
be too carefully attended to : more confusion and error 
may be caused by using dirty test-tubes, beakers, dishes 
and funnels than would be thought possible by the 
beginner. Work should also l)e rendered as systematic 
as possible, in order to economize time and thought. 

45, The foUouying directions for trying the analytical 
reactions are important : 

1. A solution of the substance, the reactions of which 
are to be tried, must always be employed, unless it is 
specially stated that the solid is required. Solid sub- 
stances are usually necessary only for blowpipe reac- 
tions. A solution may be kept in readiness, or it can 
be easily made from the solid by warming it with 
water, or in some cases with dilute acid (553-4). This 
liquid is often called the original solution. 

8* 
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2. Take, in a test-tube or small beaker, about twenty 
cubic centimetres of the solution of the substance. If 
the solid substance is also required, take some of it upon 
a watch glass and powder it finely. 

3. Pour a little of the solution into a perfectly clean 
test-tube and add the first-mentioned reagent to it. 
A few drops of the reagent should be added at 
first; more can be employed afterwards if excess is 
required. The student must from the first acquire the 
habit of working with small quantities both of solutions 
and reagents. In trying each of the reactions a 
separate portion of the original solution is to be taken. 

4. Before trying a reaction, the student should 
carefully read through the whole of the description of 
the results to be obtained ; the experiment is then to be 
performed, literally following out the directions given. 
It is a necessary condition of after success that each 
result should lie obtained precisely as is stated in the 
text ; and the student must never on any account pass 
on without being satisfied that the statements of the 
book are true, and that he could at any time repeat the 
test successfully. 

6. The water used for the tests and reactions must 
always be distilled water. The acids are to be used in 
a dilute condition unless it is stated that the strong acid 
is to be employed. It will always be specified when 
solid reagents are to be used, otherwise they are to be 
employed in solution. In all cases KHO and NaHO 
may be used indifferently the one for the other. 



V 
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REACTIONS FOR THE METALS. 



In tiying through the reactions for the metals the usual order 
of the analytical groups has been reversed, because the most 
simple reactions occur in the last groups and they are therefore 
better suited for a beginner. 



GROUP v.— THE POTASSIUM GROUP. 

46. This group includes K, NH4, Na, Mg : the first 
three of these belong to the group of the alkali metals. 

The members of this group are not precipitated by any 
group reagent. 



Potassium (K). — Use KCl. 

47. PtCti, if added to some of the KCl solution on a 
watch glass and stirred gently but persistently with a 
glass rod, gives a yellow crystalline precipitate (KjPtClg), 
which forms first along the lines where the rod has rubbed 
the glass. 

Stir up the precipitate and pour off the liquid with the 
precipitate into three test-tubes ; to one add much dis- 
tilled water and heat, the precipitate dissolvas ; to another 
part add alcohol, the precipitate does not dissolve. Hence 
this precipitate is soluble in water, and insoluble in al(K)hol. 
By warming the third portion with solution of KHO, 
the precipitate is shown to be soluble in that liquid. 

Since this precipitate is soluble in alkalis, the liquid 
should always be neutral or faintly acid l)efore adding 
PtCl4; it is always well to make sure by test paper that the 
liquid is slightly acid in reaction (34). Further, as the 
precipitate is more insoluble in alcohol than in water, 
addition of alcohol often hastens its formation in dilute 
solutions. Owing to the solubility of the precipitate in 
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water, very dilute solutions must be evaporated nearly to 
dryness and cooled before applying the test. 

48. NaHTy if added to some of the KCl solution in 
a test-tube, gives a white crystalline precipitate (KHT) ; 
this precipitate usually appears only when the mouth of 
the test-tube is closed with the thumb and the tube is 
well shaken for some time. 

Shake up the precipitate and pour it off with the 
liquid into four test-tubes; add to these different portions, 
water, KHO, and HCl respectively ; on being shaken or 
warmed with each of these liquids, the precipitate will 
dissolve. To the fourth portion add alcohol ; the pre- 
cipitate does not dissolve. 

In using the above test for the detection of potassium, 
the precipitate will not be obtained at once in dilute 
solutions; but its formation is much hastened by the 
addition of alcohol ; very dilute solutions must first be 
concentrated by evaporation. The solution to be tested 
should be neutral or feebly alkaline : if it is strongly acid 
in reaction, the free acid should be neutralized by the 
addition of Na^CO, soluticfti, or if the acid is volatile, it 
may be removed by evaporation ; feebly acid solutions 
may be at once mixed with NaHT; to an alkaline solu- 
tion IlgT should be added until the reaction of the liquid 
is strongly acid. 

49. Fl(ime coloration (41). — Dip a loop of platinum 
wire, which gives no color to the flame, into some strong 
KCl solution, or moisten it and dip it into some finely- 
ix)wdered KCl, and hold the loop in the flame. ApcJe 
lilac coloration will Ixj seen if the KCl is pure ; but what- 
ever tint is thus seen, the flame will always appear deep 
crimson red through the thicker parts of an indigo prism. 

The flame colonition due to potassium shows in the 
speotroscoiKJ a red line («) and a faint indi(jo hhic line (/?) 
at the extreme ends of the sj)ectruni (see page 06) ; a faint 
continuous spectrum is also visible. 
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50. Heat a little solid KCl in a small dry test-tube, 
or powder it finely and heat it on a piece of platinum 
foil ; the KCl will melt, but it will not pass into va- 
por and produce white fumes unless it is heated very 
strongly, since potassium salts are only slightly vol- 
atile even at a bright red heat. The fused residue is 
often transparent and invisible; its presence is detected, 
however, by a slight crackling being heard during the 
cooling of the foil. 

Ammonium (NHJ. — Use NH^Cl. 

51. KHOy if poured into some of the solution, or 
upon the solid, and heated, gives off ammonia gas, 

NH.Cl + KHO = NH3 + KCl + HA 

which is recognized by the following properties : 

a. By its pungent smell, which is that of common 
smelling salts. 

6. By tui'ning moistened red litmus paper blue, or 
turmeric paper brown : wet a small pie(;e of the test 
paper with distilled water, and place it upon the end of 
a glass rod ; then hold the rod in the test-tube, taking 
great care not to bring it into.contact with the liquid or 
with the sides of the tube; the change of color will take 
place. 

c. By yielding white fumes with an acid gas or 
vapor. Hence if a glass rod or stopper, wetted with 
strong' HCl, HNO3, or HA, is hekl over the mouth 
of the test-tube, dense white fumes will be seen. 

52. PtCl^f when stirred on a watch glass with some 
AmCl solution, gives a yellow crystalline precipitate 
(AmjPtClg) ; this precipitate is soluble in water and in 
KHO, but insoluble in alcohol. If it is boiled with 
KHO, it evolves NH3, differing in this way from 
KjjPtCIfi. The remarks at the end of (47) apply to 
this reaction also. 

mm 

63. NaHT, when shaken for some time in a test- 
tube with AmCl_solution, gives a white crystalline pre- 
cipitate (AmHT), which is soluble in HgO, in KHO, 
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and in HCl, but is insoluble in alcohol. The remarks 
at the end of (48) apply also to this reaction. 

84. Flame colaration. — Pure AmCl gives no flame 
coloration ; but it almost invariably contains a trace of 
sodium, which imparts a yellow color to the flame. 

55. Heat a little solid AmCl on a piece of platinum 
foil ; it will be converted into vapor, and will produce 
white fumes : these are best seen if the foil is removed 
for a moment from the flame ; the solid at last entirely 
disappears, showing that AmCl is completely volatile. 

Repeat the experiment by heating a small piece of 
solid AmCl in a dry test-tube; the solid is completely 
volatilized, and is condensed as a white coating or svb- 
limate on the upper part of the tube. 



Sodium (Na). — Use NaCl. 

56. Flame coloration, — NaCl gives an intense yellow 
color to the flame; the color is cither invisible or ap- 
pears only pale blue when viewed through the indigo 
prism, and never shows the sliyhtest tinge of red when 
seen through the thicker parts of the prism. A crystal 
of red j)Otas.sium dichromate apjKuirs colorless if illum- 
inated bv this yellow flame. Examined by a small 
sj>ectroscope, the smlium coloration gives a single yel- 
low line a, see page 66. 

The yellow coloration of the flame due to sodium is 
always readily seen, since it overpowers the j)otassium 
coloration; its production is the most delicate and trust- 
worthy, and often the only possible, test for sodium. 

If both potassium and sodium are present, the potassium 
coloration is unscHjn, and the yellow coloration of sixlium 
is alone visible; but on examining this flame through the 
indigo prism, the crimson coloration of potassium is at 
once seen. Prove this by mixing together KCl and NaCl 
solutions and examining the flame coloration both with 
and without the indigo prism. lAX)k at this coloration also 
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through the spectroscope ; the lines of Na and K will 
be distinctly separated from one another, 

57. Heat a little solid NaCl in a dry test-tube or on 
platinum foil ; it will melt without producing white 
fumes unless it is heated very strongly, since NaCl is 
only slightly volatile at a bright red heat. 



Magnesium (Mg). — Use MgSO^.THjO. 

The THjO represents the waier of crystallization always 
present in the solid state in the crystallized salt ; water of crys- 
tallization is entered in this way throughout the book. 

58. Na^HPO^y added after AmCl and AmHO, gives 
a white crystalline precipitate (MgAmP04) ; if much 
water is present, this precipitate forms only when the 
liquid is warmed and well stirred or shaken : it is sol- 
uble in HCl and in other acids, but is insoluble in 
AmHO :— 

MgSO, + AmHO + Na,HPO,= MgAmP04+ Na2S0,+ H,0. 

59. KHO gives a white precipitate (MgHjOa), 
readily soluble in acids. 

60. AmHO gives a white precipitate (MgHaOj) ; 
but if AmCl is added before the AmHO, no precipitate 
is produced. 

6L Am^CO^ gives a white precipitate (MgCOj) only 
in strong solutions and on standing for some time: 
AmCl prevents the formation of this precipitate also. 

62. Flame coloration, — Pure MgSO^ solution gives 
no color to the flame. 

63. Blowpipe test.— If a little solid MgSO^.THjO is 
placed in a small cavity on a piece of wood charcoal, and 
then heated in the tip of the outer blowpipe flame (39), 
it shines brightly and gives a white unmelted mass of 
MgO ; no white fumes are given off, since MgO is not 
volatile. If this white mass after cooling is moistened 
with several drops of cobalt nitrate solution and is again 
heated to whiteness for some time in the outer blowpipe 
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flame, it assumes a delicate pink color ; this color is best 
seen wheu the mass is quite cold by comparison with a 
piece of white paper held near the residue on the 
charcoal. 



Detection of One Metal in Group V. 

64. After having carefully worked through the 
reactions for the metals in the fifth group, the student 
should proceed to apply the experience thus acquired to 
the detection of one metal belonging to this group. A 
salt containing only one of these metals having been 
supplied, separate portions of it should be subjected to 
the tests given in the first column of the following 
Table of Differences (65). 

A glance at this Table will show that those tests have 
been selected which best serve to distinguish the metals 
of this group one from another. The order in which 
these tests are placed is also such as will best serve this 
object. It will 1x3 evident that it is never necessary to 
try the whole of the tests upon any one substance ; the 
presence of the metal detectetl by one test may be con- 
firme<l by another selected for that puriK>se. The third 
and fourth tests are also manifestly alternative ones, the 
use of NallT being preferable to that of PtCl4 because 
it is cheaper. A selection is made from the first four 
tests in examining a liquid : a solid substance would be 
first subjected to the fifth and sixth tests, a portion of 
the solid dissolved in water being afterwards examined 
by the earlier ones. 

As each test is made the result yielded by it is care- 
fully observed : ocojisionally no change is noticed, as is 
indicated by a blank in the cohunn to the right : if any 
result is noted, it is lookal for in the columns to the 
right, and will indicjito the presen(»e of that metal which 
heads the column in which the result stands. 

Sodium is rarelv entirelv absent from any snbstance : 
the quantity present may l)e judged by the intensity of the 
yellow coloration : unless this is very intense, the presence 



64.] 



IN GROUP V. 



85 



of a trace of sodium should be noted down, and another 
metal should be looked for. 

The student will naturally take advantage of the aid 
afforded by the spectroscope in examining the flame 
coloration (42). 

The following example of the entry of a simple 
analysis will illustrate both the method of selecting 
the tests and of entering the work done : 

A solid white substance was given to be tested for one metal 
in Group V. 



Test 


Obsenration. 


Inference. 


1. Heated in an ignition 

tube. 

2. Heated on charcoal in 

the blowpipe flame. 

Dim>hed part of th« mb- 
$tanc« in water. 

3. Held a drop on a plat- 

inum wire loop in 
the flame. 

4. Stirred a little of the 

solation with a few 
drops of PtCL| on a 
watch glass. 


Substance fused, but did 
not rolatiiise. 

Substance fused, and sank 
into the charcoal. 

A pale lilac flame colora- 
tion, which appeared 
criiiiiK)n through the in- 
digo prism. 

A yellow precipitate 
formed. 


Absence of NH4. 
Presence of K or Na. 

Presence of K. 
Presence of K. 


Fottnd K. 



Several simple unknown salts of the metals of Group 
V. should be examined in this way by the Table (65), 
and the results carefully entered in the note-book. 
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65. Group V. — Table op Differences. 



Tests. 


K-Salts. 


NH4-salts. 


N»-«alts. 


Hg-flalta. 


For §oiuHon», 

1. Boil with KHO 
solution : 

2. Heat in the 
Bunsen flame 
on a clean pla- 
tinam wire : 

3. Add PtCl4, 
make slightly 
acid with di- 
lute HCl, and 
BtirvigorouHly: 

4.AddNaHfand 


Pale lilac flame. 
which appears 
crimson through 
the indigo prism. 

• 

Yellow crystal- 
lino precipitate, 
forms only in 
strong solutions. 

White crystalline 
precipitate in 
strong sulutioiui. 


NHg gas given 
off: known by 
its smell and by 
turning moirt 
red litmus blue; 
it also gives 
dense white 
fumes with 
strong HCl. 

Yellow crystal- 
line precipitate, 
forms only in 
strong solu- 
tions. 

White crystalline 
precipitate in 
strong solu- 
tions. 


Tntmue yellow 
flame, which 
shows no tinge 
of red throuj^ 
the indigo- 
prism. 


White precipitate. 

Oonflnn by 
•ddinf AmCl, 
AmHO, and 
NaJaF04, to a 
fresh purt of 
the eolation 
(68). 


For »olida onlff. 

6. Heat to rwl- 
ncHs in a dry ; 
test-tube, or on 
platinum foil : 

6. Heat strongly 
on charciNil in . 
the outer blow-' 
pipe flame : 


Non-volatile, un- 
less heated to 
bright redness. 

Easily fusible, 
sinking into tho 
charcoiil, and 
coloring the 
flame |)alo vio- 
let. (See 2.) 


Volatile ; white 
fnm(«aregivon 
ofl" and the sub- 
stance iNUses 
into vapi»r, at 
least partially, 
fonning a sub- 
limate on the 
upper part of 
the tube. 

Volartle, giving 
off" white fumes. 


Non-volatile, un- 
less heated to 
bright redneM. 

Easily Visible, 
sinking into the 
-charcoal, and 
coloring the 
flame intense 
yellow. (.See 2.) 


Non-Tolatile. 

White inftMlble 
residue is left, 
which if moist- : 
ened with ! 
ro(NO,), solu- . 
tion and re- 
heated becomes j 
pink. 
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Detection of Metals in Group V. 

Paragraphs, the numbers of which are marked with an as- 
terisk, may be omitted by students who are learning the 
analysis of simple salts only. 

66.* When more than one metal of the fifth group 
is present in the substance to be examined, the possi- 
bility of interference in the reactions arises ; it should 
be remembered, however, that — 

1. NH4 may be always detected by the evolution of 
NH3 on boiling the substance with KHO solution. 

2. Na can always be found by its yellow flame color- 
ation. 

8. Mg is indicated with certainty by its precipitation 
by KHO solution, and by Na2HP04 in the presence of 
AmHO and AmCl. 

4. K may always be found by a crimson flame color- 
ation seen through the indigo prism, or by the red line 
in its spectrum. 

5. The test for K by means of PtCl, or NaHT is 
only conclusive in the absence of NH^. If NH^ is 
present, therefore, its salt nmst be removed by ignition 
before K can be tested for by precipitation. 

The student should now proceed to examine by the 
Table (67) several solutions containing two or more 
metals of the fifth group. The composition of each 
solution should be unknown to him, and by trying the 
tests in the order given in the Table upon separate por- 
tions of the solution, the metals present may be discov- 
ered. Only one of the observations recorded against 
each test will be made ; in future tables the bracketed 
paragraphs, which concern the absence of the metals, 
will be omitted. 

The flame coloration obtained in Exp. 2 of this Table 
should be examined by the spectroscope. 
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67.* Table for testing for Mg, K, Na, NH^ in 
A Solution which may contain all of them. 



Experiment. 



I. Add to a nnall part of 
the Bolution AmCl, then 
AmHO and NasHP04, 
shake well and allow to 
stand if no precipitate 
appears at once. 



II. Dip a small loop of 
clean platinum wire into 
the solution, and hold it 
near the top of the 
Bunsen flame. 



III. Boil some of the solu- 
tion in a test-tube with 
KHO solution, and try 
whether NH« is given 
off by smelling ; or if it 
cannot be smelt, by test- 
ing with moistoned red 
litmus paper or strong 
HCL 



Obeervation. 



1. A white precipitate 
forms. 

[2. No precipitate appears.] 



1. A yellow flame. 

Look at the yellow flame 
through the indigo 
prism ; a crimson nd 
color is seen. 

2. A pale riolet flame, ap- 
pearing crimson red 
when seen through the 
indigo prism. 

[3. No color is imparted 
to the flame. 



1. Nils gas is smelt, or the 
red litmus becomes blue, 
and white fumes are ob- 
tained with HCl. 

[2. No NU. is smelt, and 
moist red litmus paper 
is not blued, neither are 
white fumes obtained 
with HCl.] 



Inference. 



Presence of Mg. 
[Absence of Mg.] 



Prpsence of Na, potsibly 
also of K. 



Presence of K. 

Presence of K and abwnce 

of Na. 



[Absence of K and Na.] 



Presence of NH4. 



[Absence of NH4.] 



lY. A confirmatory test for K may be made by adding PtG4 or NaHT. If 
Exp. III. has shown that NII4 is present, proceed to test for K by column A; if 
NH4 is absent, test fur K l)y column B (GO, 5). 



Boil some more of the solution down 
to drvness in a pon'olain dish ; 8cra|)e 
out the white subHtanre left in the dish, 
and heat it 8tn)iigly on a piece of plati- 
num foil as long as any whito fumes are 
seen to be given off, when the foil is 
taken out of the flame for an instant. 
Place the foil when cold in a te8t-tube, 
and boil it with r<ri/ Wtle water, to 
which a drop of dilute HCl has been 
added, and evaporate to several dro|)s ; 
cool the liquid, and pour it out upon a 
wateh glass, add a little rtCl4, and ntir 
well : — 

A yellow precipitete -.—Prfseucf of K. 



B. 

Pour a little of the solution upon a 
watch glass, add PtCl4, and stir well : a 
yellow precipitate : — Pretence of K. 

If no pre<Mpitete forms, K may nerer- 
thelera be pn>Hent, the solution being too 
dilute to allow the precipitole to form ; 
therefore pour some of the solution into 
a |)orcelHin dish, lH>il down nearly todry- 
nem, cool and XerX this liquid by stirring 
it with IHCI4, on a watch glass, adding 
al<*oh()l if the precipitate din's not appear 
at onr»» : a yt'lluw prti-ipitate : — Prtienct 
of K, 

Note. — Addition of alcohol will frequently 
pnxiure thr pre< ipitate without evap- 
oration. 



J 



68-76.] GROUP IV.— BARIUM, STRONTIUM. 89 



GROUP IV.— BARIUM GROUP. 

68. This group includes Ba, Sr, Ca. 

These metals difiFer from those of Group V. by being 
precipitated as carbonates by AmgCOy, even in the pres- 
ence of AmCl. They are not precipitated by any other 
group reagent. The carbonates are soluble in boiling 
sohition of AmCl. 



Barium (Ba).— Use BaCl,.2H20. 

69. AmfiO^ added after AmCl causes a white pre- 
cipitate (BaCOa), which is at first flocculent, but slowly 
shrinks in bulk and becomes crystalline if it is gently 
heated and allowed to stand : prove that this precipitate 
is soluble in HA. 

70. CaSO^ or H^JSO^ : heavy white precipitate (Ba- 
SO4), insoluble in HCl even on boiling. 

71. KzOrO^ added after some HA : yellow precipitate 
(BaCrOj, which is soluble in w^arm IICl, but differs 
from SrCrO^ by being soluble in warm HA. 

72. H^SiF^ : semi-transparent precipitate (BaSiFg) : the pre- 
cipitate aoes not appear in dilute solutions until after some time, 
or until the liquid is boiled, or alcohol is added : shaking or 
stirring the liquid hastens its formation. H2SiF6 yields no pre- 
cipitates with solutions of 8r and Ca salts. 

78. Am^Cfi^: white precipitate (BaC^OJ. 

74. Flame coloration : BaClj gives a yellowish-green 
color to the flame, visible through the indigo j)rism. 

The spectrum (p. QQ) consists of a number of lines, 
the most characteristic of which are three grecui lines, a, 

Strontium (Sr). — Use Sr(N03)2.4H20. 

76. -4.WI2CO3 added after some AmCl: white preiMpitate 
(SrCO,), soluble in HA ; this precipitate is flocculent at 

9* 
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first, but quickly becomes crystalline and shrinks very 
considerably when heated. 

76. CaSO^y or HJSO, : white precipitate (SrSOJ : this 
precipitate does not usually form in a cold solution 
at once, but only after standing for some time; the 
precipitate, however, appears at once on boiling the 
liquid. 

77. K2CrO^ added after some HA: no precipitate, 
since SrCr04 is soluble in HA. 

78. Am^C^O^: white precipitate (810^04). 

79. Flame coloration : crimson red; this color appears 
intense red through the indigo prism unless the flame 
coloration is very faint. 

The strontium s})ectrum contains many lines ; the most 
characteristic are the orange line (a), the red lines ()9, f) 
and the blue line (5). 



Caix^ium (Ca).— Use CaCl^SUjO. 

80. AvL^CO.^ added after AniCl : white precipitate 
(CaCoa), soluble in HA : this j)recipitate is flocculent 
at first, but shrinks considerably anci becomes crystal- 
line after standing for some time, or when it is gently 
heated. 

81. CaS(\:. no precipitate, even when the liquid is 
allowed to stand, or is boiled. 

82. H/>0^: a white precipitate (CaSOJ forms at onoe 
in strong solutions, and often in weak solutions when 
they are boiled ; but some CaSO^ will always remain 
dissolvetl, since it is not quite insoluble in water; prove 
this by boiling the liquid containing the precipitate and 
filtering it ; then keep adding AmHO to the filtrate 
and stirring it until a drop of the solution turns red lit- 
mus paper blue and the liquid smells of XHg; then 
add Ani^C./^, a white precipitate will form, showing the 
pri'scncc of Ca (85), which must have been dissolved as 
CiiHO,. 

83. K^CrO^: no precipitate. 
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85. -4^20204 : white precipitate (CaCgO^), soluble in 
most acids, but insoluble in HA and in H2C2O4. 

86. Flavie cohi'ation : yellowish red ; this color view- 
ed through the indigo prism does not appear red, but 
dingy green, thus differing from that given by Sr. 

In the calcium spectrum the most characteristic lines 
are the green line (^) and the intense orange line (a). 



87. Group IV. — Table of Differences. 

The first three tests only need be used for the detection of a 
member of this group occurring by itself in solution : test 1 
serves also for solids. 

The ilame coloration obtained in Exp. 1 should be examined 
by the spectroscope. 



Tests. 



l.FUmo coloration 



2. CaSOi addod to 
the cold solution : 



3. KsCtQ4 added 
after UA: 



[4. HsSiFo addod: 

6. HsS04 adde<l in 
excess and boiled: 



Ba— «alt8. 



Greenish-yellow. 



An immediate pre- 
cipitate. 



Light yellow pre- 
<!ipitate. 



Wliito precipitate. 

Entire^ precipi- 
tated 08 Bad04. 



Sr— «alt8. 



IntciiHO crimson, 
appears crhnson 
thnmgh the in- 
digo prism. 

A precipitate ap- 
pearing only after 
a short time or 
immediately an 
boiling. 



Entirely precipi- 
tated as SrS04. 



Ca— salts. 



Yellowish red, ap- 
pears dingp green 
throygh the in- 
digo prism. 



] 



Partially precipi- 
tated as CHSO4 
(82). 



Separation and Deteotion of Metals in 

Group IV. 

88.* The following differences are made use of : 

1. The different flame colorations yielded by these 
metals examined, if necessary, through the indigo prism, 
or by means of the spectroscope. 
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2. The difference in the behavior of their solutions 
with CaSO^ solution, which at once indicates the pres- 
ence or absence of Ba, or of Sr in the absence of Ba. 

3. The insolubility of BaCrO^ in HA, and hence the 
possibility of separating Ba, if present, by adding HA 
and then KjCrO^. 

4. The fact that Sr but not Ca can be precipitated by 
CaSO^ on boiling ; this reagent will therefore indicate 
the presence of Sr in the absence, or after the separa- 
tion, of Ba. 

5. The complete precipitation of Sr, if present, by 
boiling the solution with HgSO^ ; sufficient CaSO^ still 
remaining in solution to give in the filtrate made alka- 
line with AmHO a precipitate of CaC204 on addition 
of AmjCjO^. 

89.* -4 solution which has to be examined for Ba, Sr, 
and Ca, and can contain only these substances, is made 
alkaline, if it is not already so, by the addition of 
AmHO ; AnigCO, is then added as long as it causes 
any further precipitate after the liquid has been stirred 
well and allowed to settle : the liquid is then filtered : a 
little more AmgCOg is added to the clear filtrate, and if 
this causes any further precipitate, more AmjCOj is 
added, and the liquid is again poured through the same 
filter. 

As soon as the filtrate gives no further precipitate with 
Ani.^COa, all the members of this group wnich were 
present in the solution will have been precipitated as 
au*lK)natcs, and on filtration will be obtained on the 
filter. The precipitate is then examined by Table IV. 
(438). 
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GROUP III.A.— IRON GROUP. 

90. This group includes Al, Fe, Or. 

The members of this group difiFer from those of 
Groups III.B, IV., and V. by being precipitated by 
AmHO after addition of AmCl ; they are not precipi- 
tated, however, by the group reagents for Groups II. 
and I. This group is also precipitated by AnijS, or by 
HgS added to the alkaline solution. Group III.A fur- 
ther differs from Group III.B in being completely pre- * 
cipitated by adding BaCOg shaken up with water; this 
reagent affords the most perfect means of separating 
these two sub-groups. The members of this group 
show no characteristic flame colorations ; but, with the 
exception of Al, they impart a characteristic color to 
the borax bead. 



Aluminium (Al).— Use AlAm(SOj2.12H20. 

9L AmHO: white flocculent precipitate (AlgHgOg), 
which is seen best on boiling the liquid ; it is soluble in 
HCl, in HA, and slightly soluble in AmHO in the 
absence of AmCl :— 2AlAm(SO,)2+ 6 AmHO = AlgHgOe 
+ 4Am2SO,. 

92. KHO added in very small quantity : white floc- 
culent precipitate (Al^HgOg), soluble in excess of KHO. 
If to a part of the KHO solution HCl is added grad- 
ually until it is neutral, the AlgHgOg is reprecipitated ; 
if more acid is added, the precipitate dissolves, but re- 
appears on adding AmHO in slight excess. From an- 
other portion of the KHO solution, the AlgH^Og may 
be reprecipitated by the addition of sufficient AmCl 
solution. 

98. Am^: same precipitate (AlgHgO^), HgS gas being 
evolved or remaining dissolved in the liquid : — 

2AL/^m(S0 J, -f 3Aiii.^ + 6IL,0 = Al,H«Oe + 4Am.^S0, -|- 3H^. 
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94, Blowpipe reaction. — Solid AlAm(SOj2l2H20, 
when heated on charcoal in the outer blowpipe flame, 
and then moistened, after cooling, with Co{N03)2 solu- 
tion and again heated in the outer flame, gives a fine 
blue mass. 

Iron (Fe).— Use FejClg, and FeSO^.TH^O. 

95. Two classes of iron compounds are known, which differ 
in appearance and properties and behave differently with re- 
agents : they are distinguished sl^ ferrous and ferric compounds 
respectively: in the former class the metal may be distin- 
guished by the name ferrosum and by the symbol (Fe^^), and 

• m the latter by ferricum (Fe^^^). The dashes following the 
symbol denote the number of CI atoms, or their equivalent, 
which are combined with one atom of Fe in its compounds. 

It is usual, in stating analjrtical results, to mention in which 
state of combination tne iron exists, and therefore some dis- 
tinctive tests are described below (101). The whole of the re- 
actions of ferrous compounds are not given, because Fe is 
always separated and detected in the course of analysis as a 
ferric compound, and ferrous compounds are found by special 
reactions tried on the original substance. 

Ferrous are readily converted into ferric compounds by boil- 
ing them for a short time with a little strong HNOj, or with 
HCl and a crystal of KCIO3. 

Both classes of compounds give the same results in the blow- 
pipe reactions (99, 100). 

Ferric salts are usually yellow or reddish yellow; ferrous 
saltB are usually pale green, or white if perfectly anhydrous. 

Use Fe^Clg solution tor reactions 9(5-98 ; and solid FeS04.7H,0 
for 99, 100. In preparing FeSO^ solution for 101, crush a crys- 
tal of the solid substance and shake it in a test-tube with cold 
water. 

96. AmTIO, or KUO: reddish-brown floeculent pre- 
cipitiitc (l^c^IIyOfi): insoluble in KIIO, soluble in HCl. 

97. Am^S: a black precipitiite (FeS), mixed with white 
sulphur : FeS is soluble in l)oilinj]^ acids, but insoluble 
in KHO :— FooClg + SAm^S =2 FeS + S + 6AmCl. 

In a very dilute iron solution a j^^roen color only is 
produced at first by Ani^S, but black FcS separates 
after the liquid liii^ stood for some time. 

98. /:^2'^' P/^s passed into the solution, or addwl as 
IlgS-water: black j)rccipitatc (F<\S) in alkaline solutions: 
in neutral or acid solutions sulphur is prmpitated and 



■fc. 

\ 



99-101.] 



GROUP III.A.— IRON. 



95 



the ferric is changed into a ferrous salt ; the color of 
the solution therefore changes from yellow to pale green, 
as is seen after boiling and filtering a strong solution : 

Fe^Clg + H^S = 2FeCl2 4. 2HC1 + S. 

99. Fused vnth Na^Co^ on charcoal in the inner 
blowpipe flame, a solid iron compound leaves a grey 
powder ; this is shown to be Toagnetic by being attracted 
when touched under water with the end of a magnet, or 
with the point of a magnetized knife-blade (39, 40). 

100. A borax bead (38) containing Fe is reddish 
brown while hot, and yellaw when cold, after having 
been fused in the outer blowpipe flame : after fusion in 
the inner flame it is olive green. 

101. Distinctive Tests for Ferrous and 

Ferric Salts. 

For these tests several drops of dilute HCl should be first 
added to the Fe solution. 



Beagents to be added. 


Ferric salta. 
(U8eFe«CI«c)olutiou.) 


Ferrous salts. 
(Use FeS04 solution.) 


1. K^FeC^t added in 
small quantity : 

2. «i(ffcCV6)«: 

3. KO^B: 

4. KHO: 


Dark-blue precipUaU^ "PrusBian 
blue;" insoluble in HCl,* 
soluble in HsG.04, and slightly 
solublc in K^FeCy^ added in 
excess ; tnmou brown by KUO. 

No precipitate : the solution 
darkens, but on dilution witb 
water is seen to contain no 
precipitate. 

Blood-red coloration: no pre- 
cipitate is produced, the licjuid 
being perfectly clear on dilu- 
tion ; the color is immedi- 
diately destroy e<l when several 
droits are poure<l into some 
HgClssolution: its production is 
hindered by HNOaandbyHA. 

Beddiah-broicn precipitate. 


Lujht-hlue precipitate^ be- 
coming dark-blue in 
the air, or on addition 
of IINO3 or Br- water. 

Darl'-blue predpiiaJte^ 
"Turnbull's blue:" 
insoluble in HCl. In 
very dilute solution 
only a dark bluish grey 
color is produced. 

No red coloration unless 
small quantities of 
feriic salts are present. 

Dingy-green precipitate, 
turning brown in the 
air. 



•The solubility and insolubility of tbis precipitate must be sbown by 
warming separate portions of the blue liquid containing the precipitate 
with HCl, H2C2O4 and K4FeCy«, then separately filtering each : if the 
precipitate has been dissolved the filtrate will be dark blue. 



96 GROUP III.A.-CHROMIUM. [102-106. 

Chromium (Cr).— Use CrK(S04)2.12H20. 

Chromic salts are usually bluish green or violet in color. 

102. AmHO: pale bluish green or purple precipitate 
(CraHgOg) : if AmHO is added in large quantity and 
the liquid is heated, some of the precipitate dissolves, 
])roduciug a beautiful violet-red solution : the color is 
best seen after filtering off the precipitate : from this 
solution the Cr2H606 is reprecipitated on boiling the 
liquid for several minutes in a porcelain dish. 

103. KHOy if added in small quantity, gives the 
same precipitate (CrgHgOg) : if more cold KHO is added, 
the precipitate is entirely dissolved to a green fluid ; on 
diluting this liquid with water and boiling for several 
minutes, the CrgHgOg is reprecipitated and the liquid 
becomes colorless : AmCl added to the KHO solution 
also reprecipitates the Cr2H606. 

If to some of the green liquid, obtained by adding 
KHO -in excess to the chromium solution, a little red 
lead or lead peroxide (PbO^) is added and the liquid is 
then boiled, a yellow liquid is obtained, from which a 
yellow precipitate (PbCrO^) is thrown down on the 
addition of HA in excess. 

104. Ain^S also precipitates CrgHgOe, H2S gas being 
given off or remaining dissolved. See the reaction in 
paragraph 93. 

106. Fusion of a solid substance containing O with 
NaaCOa and KXO3 on platinum or porcelain yields a 
mass which is colored yellow by Na2Cr04. On dis- 
solving this in lx)iling water a yellow solution is 
obtained, which, if acidified with HA and boiled for a 
few minutes to drive of!' CO2, gives with PbAj solution 
a yellow precipitate of PbCr()4. 

106. A ho rax bead containing Cr is green afler 
having been fused either in the outer or in the inner^ 
blowpii)e flame. 

Cr forms two classes of compounds: in one class Cr in com- 
bination with oxygen acts as an acid radicle: this class includes 
the cliromates, such as K2Cr()4 and K^Cr./),, they arc usually 
vellow or reddish in color ; hut Cr also forms a series of salts 
HI which it acts as a metallic radicle; these are usually green 
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or violet aud give the above reactions for Cr. TLe latter com- 
poundn pacts by oxidation into the former in reactiooa 103. 
105, where tht oxidation is caused by PbO, and by KNO, 
respectively. CLromates pass by reduction into green tbromic 
compouodg; examples of this cbange will be found under the 
teats for chromic acid (286). 
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98 DETECTION OF METALS IN GROUP III.A. [108,* 109. 



Separation and Detection of Metai^ in 

Group III.a. 

108.* The following differences are utilized : 

1. The solubility of AlgHgOg in boiling KHO, in 
which FcjHgOg and CrjHgOg are insoluble. 

2. The conversion of CrgHgOg by fusion with NaaCOj 
and KNO3 into soluble Na2Cr04: FcjHgOg when thus 
treated remaining as FcgOg, which is insoluble in water. 

3. Cr is then detected by the yellow color of the so- 
lution of NajCrO^ in water, and by the formation of a 
yellow precipitate on acidifying it with HA and adding 
PbAa. 

4. Fe is found by the blood-red coloration obtained 
on adding KCyS to the FcgOg di&solved in HCl. 

109.* A solution which may contain Al, Fe, Or, is 
examined in the following manner: 

To a few drops of the liquid acidified with HCl add 
a little K^FeCye : if a blue precipitate is produced, Fe 
is present : this j)()rtion is rejected. 

Two other small portions of the acidified solution are 
then tested ; one with K(;(FoCV(.)2, which, by giving a 
dark-blue j)rccipitate, would show the presence of Fe"; 
the other with KCvS, whi(»h mav cause a blood-red 

ml ' » 

color, proving the ])rcscncc of Fe'". 

Boil the rest of the solution, adding a few drops of 
strong HXO, if Fe" is j>resent ; add some AmCI, then 
AmllO until the liquid, after Iwing well stirred, is alka- 
line and smells of Nil,; boil, filter and examine the 
precipitate by Table 111. a (436), disregarding all the 
appended notes. 



••• •-. - 
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GROUP III.B.— ZINC GROUP. 

110, This group includes Zn, Mn, Ni, Co. 

Compounds of these metals differ from those of 
metals of Groups IV. and V. by being precipitated 
from their neutral or alkaline solutions by AmgS and 
from their alkaline solutions by HgS; they are not 
precipitated by the group reagents for Groups III.a, 
II. and I ; but Mn is precipitated by oxidation, if its 
solution mixed with AmCl and excess of AmHO is 
expased to the air. 

The compounds of the metals of this group show no 
characteristic flame colorations ; but with the exception 
of those of Zn they give characteristic colors to a borax 
l)ead. 

Finely-powdered' BaCog does not precipitate the 
compounds of the metals of this group from their 
solutions as it does those of the metals of Group III.A^ 
unless they are present as sulphates. 



Zinc (Zn).— Use ZnSO^.THgO. 

Zinc salts are usually colorless. 

HI. Am^: white precipitate (ZnS) : the precipitate 
often appears yellow from the presence of excess of 
yellow AmgS in the liquid : its true color is seen in the 
next reaction, or is evident when the precipitate pro- 
duced by AnijS is separated by settling or filtration. 
Prove the solubility of this precipitate as is directed in 
the next paragraph. 

112. H^: white precipitate (ZnS): the Zn is only 
partly precipitated from a neutral solution, since H2SO4 
is separated in which ZnS is soluble : — ZnSO^ -f- 
H2S=ZnS+H2SO,. But if NaHO or AmHO is 
added to neutralize the HgSO^, the Zn may be entirely 
precipitated : addition of sufficient NaA solution also 
causes complete precipitation, since the HgSO^ in the 
solution is thus replaced by HA, in which ZnS is in- 
soluble : 

ZnSo.+H^S + 2NaA = ZnS -f Na^S O, -f 2 HA. 
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100 GROUP III.B.— ZINC, MANGANESE. [118-116. 

Add to some ZnS04 solution AmCl, then AmHO 
until it is alkaline, and then HgS, white ZnS will be 
precipitated : show by adding to separate portions of 
this liquid HCl, HA and AnigS, that ZnS is soluble in 
HCl^ and insoluble in HA and in Am^. 

The testa which show the solubility of the sulphides of the 
metals of this group are best tried on the precipitate obtained 
by adding AmCl, AmHO in excess and H2S, unless freshly 
prepared colorless AmjS, can be obtained, since acids precipi- 
tate sulphur from yellow Am^, 

113. KHO added in small ouantity gives a white pre- 
cipitate (ZnHgOg) : if more KHO is added, this precipi- 
tate dissolves, but is formed again on adding much 
water and boiling : or the Zn may be precipitated as SJnS 
from the KHO solution by the addition of H^. 

114. If finely-powdered ZuSO^.THgO and Na^CO, 
are mixed in a small cavity on wood charcoal, and the 
mixture is then heated in the inner blowpipe flame, an 
incrustation is obtained on the charcoal which is yellow 
while hot and white when cold. It cannot be driven 
away by the outer blowpipe flame, but is easily removed 
by the inner flame. If this incrustation when cold is 
moistened with cobalt nitrate solution and is then strongly 
heated in the outer blowpipe flame, it becomes green. 

The above changes of color are more distinctly obtained by 
heating a little solid ZnO in an ignition tube or in the outer 
blowpipe flame on charcoal, the oxide is yellow while hot and 
white wnen cold : if it is moistened on charcoal with Co(No3), 
solution and then reheated in the outer blowpipe flame, the 
ZnO becomes green. 

Manganese (Mn). — Use MnClj, or MnS04. 

Manganous salts are usually of a pale pink color : alkaline 
manganates are green, permanganates purple. 

116. AmJS: flesh-colored or pale pink precipitate 
(MnS), the color of which is best seen on filtering 
it from the yellow AnijS: the proeipitate occa- 
sionally becomes dark green after stan(lin<jj for some 
time ; the color of the moist filtered precipitate always 
changes by oxidation to dark brown on standing in 
the air (118). For the solubility of this precipitate see 116. 
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116, ^2^ precipitates MnS partly from neutral solu- 
tions, entirely from alkaline solutions, but not at all in 
presence of free HCl or HA : show with separate por- 
tions of the MnS precipitate,obtained by adding AmCl, 
AmHO in excess, and then HgS, that MnS is soluble in 
HCl and in HA, but is insoluble in AmjS. 

117, KHO: white precipitate (MnHgOg), quickly 
turning brown by oxidation ; this change is most rapid 
when the precipitate is filtered off: the precipitate is in- 
soluble in excess of KHO. 

118, AmHO gives the same precipitate ; but if sufficient 
AmCl is first added, AmHO produces no immediate 
precipitate ; the solution, however, on standing exposed 
to the air, gradually turns brown by oxidation, and the 
Mn is ultimately precipitated as brown MnjHgOg. 

119, Any solid substance containing Mn, when fused in 
the outer blowpipe flame with a mixture of NajCOg and 
a little KNO3 upon platinum foily yields a bluish green 
mass on cooling : the mixture should be fused by heat- 
ing the under surface of the foil with the tip of the 
blowpipe flame, and the flame must not come into con- 
tact with the mixture. 

The test may also be made by fusing a inixture of 
NajCOj and KNO3 into a bead in a loop of platinum 
wire, and then fusing the substance into this bead by 
heating it in the extreme tip of the outer flame. 

This reaction is very delicate. 

119a. A solid Mn compound, when fused with Na,CO, on 
charcoal in the inner blowpipe flame, yields a grey magnetic 
powder (39, 40). 

120, A borax bead containing very little MnOg will 
be violet red whilst hot and amethyst red when cool 
after fusion in the outer blowpipe flame : when heated 
in the inner flame the bead becomes colorless. 

This reaction is yielded by minute quantities of man- 
ganese compounds. 

10* 



102 GROUP III.B.— NICKEL. [121-120. 

Nickel (Ni).— Use NiS0,.7H,0. 

Nickel salts are usually bright green in color. 

121. Am^: blaxjk precipitate (NiS); add more 
yellow AiDgS, boil and filter, the filtrate will be colored 
brown by NiS dissolved in the excess of AmgS : pour 
this filtrate into a porcelain dish and boil it for some 
time, adding distilled water, if necessary, to prevent the 
dish becoming dry ; the dissolved NiS will be precip- 
itated, and when filtered off will leave a colorless fil- 
trate. If HA is added in excess to the dark filtrate^ 
the dissolved NiS is also precipitated. For the solu- 
bility of NiS see the next paragraph. 

122. H^: black precipitate (NiS) in neutral solu:- 
tions or in solutions containing no free acid except HA 
(112) HCl prevents the precipitation. Add to NiS04 
solution AmCl, AmHO in excess and then H^ ; and 
show with this precipitate that NiS is insoluble in cold 
dilute HCl and in HA, but is soluble when heated with 
HCl after adding a crystal of KCIO3. 

123. KHO : light green precipitate (NiH^O,). 

124. AmHO added in very small quantity gives a 
bluish green precipitate (NiH202), which is soluble in 
excess of AmHO to a violet blue liquid and is also 
soluble in AmCl : if AmCl be first added, AmHO 
causes no precipitate. 

126. KOy solution, made by dissolving a fragment of 
the solid in water, when added in small quantity 
gives a yellowish green precipitate (NiCyj) : by the fur- 
ther addition of KCy the precipitate is dissolved, but it 
is reproduced on the addition of sufficient HCl. 

126, Acidify some NiSO^ solution wMth several drops 
of HA; then add KCy solution gradually, whilst stir- 
ring or shaking the licjuid, until the precipitate at first 
formed is just riMlissolved; boil this solution for 
a short time, then cool it and divide it into two 
parts : the addition of HCl in excess to one part 
will produce a pre(»ipitato of NiCvj, often only apj>ear- 
ing after a time: and the addition to the other part 
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of NajCljO, or of excess of NaHO and then Br- water 
until the liquid becomes yellow (Na2Br20), will give a 
black precipitate (NigHgOg) when the liquid is warmed. 

127. A mixture of finely-powdered NiS04.7H20 and Na^COs, 
when fused on charcoal on the inner blowpipe flame, leaves a 
grey powder, which is attracted by the magnet (39, 40). 

128. A borax bead containing Ni is violet or reddish 
brown after fusion in the outer blowpij)e flame, and be- 
comes pale yellmo on cooling ; if the bead is heated for 
some time in the inner flame, it becomes black and 
opaque. 



Cobalt (Co).— Use Co(N03)2.6H20. 

Cobalt salts are usually reddish pink in color if hydrated, and 
blue when anhydrous. 

130. AmJS : black precipitate (CoS) ; on adding 
much AmgS and boiling and filtering, the filtrate is col- 
ored yellow by Am^^ and is not dark-coloredy since CoS, 
unlike NiS, is insoluble in AmgS. For the solubility of 
CoS see the next paragraph. 

131. H2^ '' black precipitate (CoS), only forming in 
alkaline solutions or in solutions containing no free acid 
except HA (112); HCl prevents the precipitation. Add 
AmCl, then AraHO in excess and then HgS to some 
Co(N03)2 solution, and pour into separate portions of 
this liquid HCl and HA, the precipitate does not dis- 
solve ; to the portion containing HCl add a crystal of 
KCIO3 and heat, the precipitate dissolves readily. 

132. KHO : blue precipitate (C0H2O2) ; the color of 
the precipitate changes by oxidation on exposure to the 
air and when the precipitate is heated. 

133. AraHO: bluish green precipitate, having the 
same properties as that produced by KHO ; it is solu- 
ble in excess of AmHO and in AniCl, and is therefore 
not formed if AmCl is first added. 

134. Freshly-prepared KOy solution, if added in small 
quantity, gives a reddish brown precipitate (CoCy^) : on 
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adding more KCy solution slowly and whilst shaking 
the liquid the precipitate dissolves, but it reappears on 
the addition of HCl. 

136. If to some Co(N03)2 solution, made acid with a 
few drops of HA, KCy solution is added slowly until 
the precipitate at first formed just redissolves, and 
the liquid is boiled, then cooled and divided into three 
parts, it will be found that neither the addition 
of HCl, nor of Na^ClgO, nor of excess of NaHO 
solution and then Br-water till the liquid is yellow 
(Na2Br20), produces any precipitate on warming the 
liquid. 

This difference of behavior of Ni and Co solutions (126), 
which have been boiled with excess of KCy, is due to the 
fact that NiCy, forms with KCy a compound (NiCy,.2KCy) 
which is easily decomposed : whereas CoCy^ forms with KCy 



139. Group III.B.— 



Teets. 



For liquids. 

1. Add AmoS ; or better. 
AmCI, AmHO in excess, and 
II jtS> water. 

2. Add KHO : 



3. Add KCy solution : 

This test neod only bo tried 
when u blark precipitate has 
been obtained by Test No. 1. 



Blowpipe U$U for tolidt. 

4. Fused with Na,CO]| on 
charcoal in the inner blow- 
pipe flame. 



6. Borax bead: 



Zn— flalts. 



Mn— «alta. 



WliUe precipUaUj^ soluble in > Pink pndpitate: ■olnble in 

inaobible cold dilute HGl : mMle in 
HA. 



cold dilute UCl : 
in HA. 



Mli ite precipitate : soluble in 
excess of KHO. 



A white incnwtati(»nf which, 
if nioi8tene<l with C'o(NO,>s 
and heatoii in the outer 
flame, turns grten. 

The 8ul)0tanre itself, when 
strongly htitttMl aftor har- 
iuf^ l)oen nioiKteniNl with 
Co(N<>3^j, rUjo beconioe 
green. 



White predDitate: turning 
brown in the air : in$oM>u 
in KHO. 



A groy powder. 

The subdtance, if fused with 
Na^i'O. and KNO, on plati- 
num foil in outer flame, 
gives a bluish green 



f Out«»r i\nm9.—.imrth^st red. 
\ Inu»*r flame.— cWoWfSc. 
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the very stable compound K,(CoCy8)2, potassium cohaUicyanr 
ide. 

136. A solid cobalt compound, when fused with NajCO, on 
charcoal in the inner flame, yields a grey magnetic powder 
(39, 40). 

137. -A borax bead when dipped into a strong solu- 
tion of Co(N03)2 assumes afine blue color after fusion in 
either the inner or the outer blowpipe flame. This 
reaetioji is yielded by minute quantities of cobalt com- 
pounds. 

138. The distinction between Ni and Co in the Table 
(139) depends on the solubility of NiS in yellow Am^S, 
which is proved by a dark filtrate being obtained on 
warming with excess of yellow AnigS and filtering. 

Table of Differences. 



Ni— salts. 



Biaek pnefpUate : iobible in boUing yeUow Am^ 
to a dark solation : insoluble in cold dilute 
Ha and In HA. 

Green pnefyUeUe: insoluble in KHO. 



Added in slight excess to the feebly acid solu- 
tion and boiled for fiome time, then Br-water 
and ezcMB of NaHO added, gives a black 
precipitate on heating. 



A grey magnetic powder. 



(Inner flame. — Grey or opaque bead. 



Co— salts. 



Black precipitate: inaolnhle in boiUsg jfelhw 
Am^ in cold dilute II CI, and hi UA. 



Biua precipUaU : insoluble in KHO. 



Added in slight excess to the feebly acid solu- 
tion and boiled for some time, then Br-water 
and excess of NaHO added, gires no precipi- 
tate on heating. 



A grey magnetic powder. 



Outer and inner flames. — Fine bhia bead. 



106 detection of metals in group iii.b. [140,* 141. 
Separation and Detection op Metaxs in Group 

III.B. 

140.* The methods used depend upon — 

1. The solubility of NiS in yellow AnigS, in which 
ZnS, MnS and CoS are insoluble : NiS is then precipi- 
tated from this solution by boiling it, or by the addition 
of HA, and the presence of Ni is confirmed by fusion of 
the precipitated NiS in a borax bead. 

2. The solubility of ZnS and MnS in cold diluteHCl, 
in which NiS and CoS are almost insoluble. 

3. The solubility of ZnHA in cold KHO, in which 
MnHgOg is insoluble ; white ZnS is then precipitated 
from this solution by HgS, and the undissolved MnH^Oj 
yields a bluish green mass when fused with NajCO, and 
KNO3. 

4. The difference of behavior of the solution of NiCy, 
and CoCyg in KCy with NajClgO, or with Na^BrgO : and 
the marked difference in the color of their borax beads. 

Mn may be separated from Zn, Ni and Co by passing H^ 
into the neutral solution saturated with NaA (112): Mn alone 
remains in solution (IIG), the other metals being precipitated 
as sulphides. 

Another method for separating Ni and Co depends upon the 
fact that while Co is precipitated as C(>.2(H0)g from its solution 
by BaCOa "^ ^^^^ presence of Br, Ni is not precipitated by this 
means and remains in solution. 

141.* A solution is examined for Zn, Mn, Co, Ni, by 
adding AniCl to it, then Am HO until it is alkaline, and 
then AnigS until the liquid smells of it after having been 
well stirred or shaken. The liquid is then heated and 
a few drops of it are poured upon a filter: if the filtrate 
is colorless, sufficient Ain^S has not Ixjen added ; more 
AmgS is then to be poured in and the filtrate again ex- 
amineil. As soon as the filtrate is brown or yellow in 
color, proving that AnijS has l)een added in excess, the 
whole is heated and filtereil and the precipitate is exam- 
ined by Table III.B (487) : the filtrate if yellow is re- 
jected ; if brown, it is examineil for Xi, according to 431. 



142-144.] GROUP II.A.— MERCURICUM. 107 



GROUP II.A.— COPPER GROUP. 

142. This group includes Hg", Pb, Bi, Cu, Cd. 

The compounds of these metals differ from those of 
the metals in Groups III.a, III.b, IV. and V. by 
being precipitated as sulphides by HjS from their acid 
solutions : they are not precipitated by HCl or by solu- 
ble chlorides, with the exception of Pb, which in strong 
solution is partially precipitated. 

The sulphides differ from those of Group II.b by 
being insoluble both in ArajS and in KHO. If very 
much acid is present, HgS does not precipitate the mem- 
bers of this group readily or completely, unless their 
solutions are largely diluted with water. 



Mercuricum (Hg"). — Use HgClj. 

Mercury forms two series of compounds, distinguished as 
mercuric and mercurotcs : the metal in these two states behaves 
differently with reagents, and may be distinctively called mer- 
curicum and mercurosum : in the latter condition it is classed 
under Grouj) I. In paragraphs 217, 218 tests are given which 
serve to distinguish tnese compounds. 

144. H^S: black precipitate (HgS) : if the HjS so- 
lution is added slowly, the precipitate is first white, then 
brown or orange and ultimately becomes black: these 
changes of color during the addition of HgS are charac- 
teristic of mercuric salts. 

Filter off the precipitate and wash it free from dis- 
solved chlorides, then place portions of it in three test- 
tubes : boil one of these with strong HNO3 ^"d another 
with strong HCl, the precipitate will not be dissolved 
by either of these acids : now mix the contents of the 
two tubes and warm again, the precipitate will dissolve ; 
boil the third portion with AmjS, the precipitate does 
not dissolve. Hence HgS is insoluble in not strong 
HNO3, in hot strong HCl and in AmjS; but it is easily 
soluble in a mixture of HNO3 ^^^ HCl, which is known 
as aqUia regia. 



108 GROUP II.A.— MERCURICUM. [145-147. 

146. 8nCl2: white precipitate (HgjCy : if more 
SnCla is added, the white precipitate b^mes grey and 
consists of fine particles of Hg ; if the liquid is boiled 
and then decanted from the grey precipitate, the Hg parti- 
cles, when heated with strong HCl, unite to globules visi- 
ble through a lens and frequently even to the naked eye : 

2HgCl2 + SnCla = HgjCla + SnCl^ 
HggCla + SnClj = 2Hg + SnCl,. 

146. Ou: if a small strip of copper sheet or a copper 
coin, the surface of which has been cleansed by. rubbing 
it with sand paper, or by dipping it into strong HNOj, 
be immersed in some HgClj solution, made acid with a 
drop or two of HCl, it will become coated with a grey 
film of Hg : HgCla + Cu = Hg + CuCl^. 

If the surface of the Cu, after having been immersed 
for several minutes, is dried and rubbed hard with a 
cloth or piece of wash-leather, it will appear more or 
less whitened like silver, the metal Hg having formed 
an amalgam with the Cu. 

The Hg may be readily driven off by heating the Cu 
strongly ; if this heating is performed in a test-tube, or, 
better, in a small hard glass tube sealed at one end, a 
sublimate of globules of Hg will form upon the cool 
sides of the tube. 

147. Mix a little finely-powdered HgCl, intimately 
with about four times lus much finely-powdered Na^COj, 
which has been ret^ently dried l)y strongly heating it in 
a porcelain dish. Pour this mixture into a small test- 
tube, which has l>cen perfectly dried by heating it in 
the flame and sucking out the moist air by a glass tube; 
then cover the mixture with a layer of NajCOj dried by 
ignition. 

After perfectly (»leansing the inside of the tube, heat 
the layer of Na.^CO, strongly, and whilst keeping this 
hot gradually extencl the heat to the mixture: Hg will 
sublime, condensing in globules on the inside of the 
tube. Sometimes the globules are so small that the 
layer apj)ears as a grey film, or ihcy are few and sc'at- 
tere<l and not easily visible; thev niav usually Ik* united 
into larger globules by rubbing the inside of the tube 
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with a glass rod, or the separate globules may be de- 
tected by means of a pocket lens: even very minute 
globules may be seen if they are flattened by pressing 
them with a glass rod against the inside of the tube. 

The powder is most easily placed in the tube by alternately 
scooping it up with the mouth of the tube and tapping the 
tube so as to shake the powder to the bottom ; or by turning 
the powder out upon a piece of note-paper folded over into a 
trough and pouring it thence into the tube, holding both tube 
and paper over the watch glass so as to catch any substance 
which may fall. 

Both the inside of the tube and the powder must be perfectly 
dry, else some particles obstinately adhere to the inside of the 
tuoe and obscure the sublimato. 

The heating must never be commenced until the inside of the 
tube is perfectly clean: it is cleansed, if necessary, with a twisted 
slip of niter paper or with a wooden match. Also if any drops 
of water condense on the inside of the tube during the first 
stage of the heating, they must be removed by a twisted piece 
of filter paper ; if, however, proper care has been taken in 
drying the powder, no moisture will condense. The escape 
of steam firom the powder is very undesirable, as it is very 
likely to sweep mercury vapor out of the tube. 

148. Heat a little solid HgCIg in a tube closed at one 
end ; the substance sublimes in white fumes, showing 
that mercury compounds are volatile. 



Lead (Pb).— Use PbAj-SH^O in dilute HA. 

149. -^2^.* blac^k precipitate (PbS) : this precipitate 
is often red if much hydrochloric acid is present in the 
solution, but it becomes black on diluting with water 
and passing HgS, or on adding HgS-water. Filter or 
decant and show with separate portions of the precipi- 
tate that PbS is insoluble in KHO and in AmgS, 
soluble in boiling dilute HNO3, and is converted by 
boiling strong HNO3 into insoluble PbSO^. 

160. HCl: white precipitate (PbClg), forming only 
in cold and strong solutions : on boiling the precipitate 
with sufficient water it dissolves, but the PbCl2 sepa- 
rates again in l>eautiful crystals when the hot solution is 
slowly cooled. 

161. H^O^: white precipitate (PbSO^): this precipitate 
11 
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is much less soluble in dilute H2SO4 than in water, 
hence H2SO4 should be added in excess to a pretty 
strong solution : pour off into two test-tubes and let the 
liquid stand; decent the liquid from the precipitate, 
and show that Jhe precipitate may be dissolved by inur- 
ing upon it HA, or, better, HjT solution, then _AmHO 
in excess and boiling ; show also that it dissolves in 
boiling strong HCl. 

152. K2Cr0^y or K^Cr^O-i: yellow precipitate 
(PbCrO^) ; i)our off into two tubes, and show that thr 
precipitate is soluble in KHO, but insoluble in HA. 

153. Mix some powdered PbAj-SHjO with about 
twice as much Na^CO.^ in a cavity on a piece of char- 
coal, and heat the mixture in the inner blowpipe flame ; 
a yellow incrustation will form around the cavity and 
small lustrous globules of Pb will be seen within it. 
The incrustation is readily removed when heated in the 
inner blowpipe flame and colors the flame azure blue. 

Detach one of the globules with the point of a knife, 
place it on the bottom of a mortar turned upside down, 
and give it a smart blow with the pestle; it flattens out 
without breaking into powder, showing that Pb is mcd- 
leahle and not brittle. If one of the globules be fixed 
upon the point of a iK»nknifc, it will be found by gentle 
friction on ])apcr to mark it as a black-lead pencil does. 



Bismuth (Bi).— Use Bi (N03)3.5H20 in dilute HCl. 

164. IhS: brownish black precipitate (BijSs): 

2Bi(N03)3 + 3II2S = BiaSa + 6HNO3. 

Decant most of the water ; then pour some of the precip- 
itate into three test-tubes, and show that it is insoluble 
in AnijH and in KlIO, but soluble in strong HNO3. 

155. AmllO, or KHO: yyhite previpitate (BillA) ; 
pour oir a small quantity of the li([ui(l and precipitate 
into a i\\\u\ add nuidi AnillOand warm, the precipitate 
is undissolviil ; filter oil* the rest of the precipitate and 
keep it for the following reaction. 
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156. H^O: pour a few drops of boiling dilute HCl 
upon the precipitate iu the filter left from the last re- 
actioDy and allow the acid solution to drop from the 
funnel into a large quantity of distilled water; amilkinesa 
appears, due to the formation of BiOCl : this precipitate 
may also be obtained by letting the original bismuth 
solution drop into much water : — BiCl3+ HgO = BiOCl + 
2HC1. 

Pour a little of the milky liquid into two test-tubes ; 
add to one portion a little strong HCl and warm it, the 
precipitate dissolves ; to the other portion add HgT and 
warm, the milkiness remains, diifering in this way from 
that caused by SbOCl. 

If but little Bi is present, this milkiness often appears 
only after stirring and letting the liquid stand for five 
or ten minutes. 

157. KfirO^ or K^Qr20^^ added after strong NaA 
solution gives a yellow flocculent precipitate of Big 
(CrOJj: add KHO, the precipitate does not dissolve, 
differing in this way from PbCr04 ; it dissolves, however, 
completely in HCl or HNO3 added in excess. 

The addition of NaA is necessary because bismuth cbromate 
is soluble in HCl ; the free HCl in the solutions is thus replaced 
by HA, in.which the precipitate is insoluble : — NaA 4- HC1 = 
NaCl -f HA. 

158. H^O^ ; no precipitate : difference from Pb. 

169. Heat a mixture of powdered Bi(X03)3 and 
NajCOg on charcoal in the inner blowpipe flame ; an 
incrustation will be obtained which is orange red whilst 
hot and yellow when cold ; also white globules of Bi will 
be seen, which are very brittle and easily crushed to 
powder by a sharp blow with the pestle. 

Copper (Cu).— Use CuSO,.5H20. 

Two classes of copper salts are known. Cupric salts are usually 
blue, but sometimes green ; their color commonly becomes very 
pale or disappears when the salts are thoroughly freed from 
water of crystallization. Cuprotis salts are usually white. 

Cuprous oxide is red, and cupric oxide black. 

160. HJS: brownish black precipitate (CuS) ; filter, 
keeping the funnel carefully covered with a glass plate, 
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as air quickly oxidizes CuS to CUSO4 and this dissolves 
and runs througli with the filtrate. Place some of the 
precipitate in five test-tubes and show that it is insoluble 
in KHO, in Am^S and in boiling dilute HjSO^, but dis- 
solves in boiling HNO3 and in KCy solution. 

16L AmHOy if added in a diluted state and in very 
small quantity, gives a greenish blue precipitate ; if more 
AmHO is added, this precipitate dissolves, yielding an 
intensely blue liquid, which contains cuprammonium 
sulphate (N2CuAm4H2)S04 ; the solution becomes light 
blue again when an acid is added in excess. 

162. H^O^ : no precipitate : difference from Pb. 

163. K^FeCi/^i reddish brown precipitate (Cu^FeCyg), 
insoluble in H A ; the color is best seen when the re- 
action is tried in a white porcelain dish. In a very dilute 
solution only a reddish color is seen. 

164. Fe : if a bright piece of steel or iron, such as the 
blade of a penknife, which has been freed from grease 
by rubbing it with sand paper or by boiling it in a little 
dilute KHO, is dipped into CuSO^ solution made acid 
with a few drops of H^SO^, it will be gradually covered 
with a red film of Cu. 

165. Zn and Pt : if a pie(« of Zn be placed upon 
platinum foil or wire in CuSO^ solution contained in a 
porcelain dish or watch glass, it causes a nxl film of Cu 
to deposit on tlie platinum : the CuSO^ solution should 
be acidified with a few drops of II^SO^. 

166. If finely-powdered CuSO,.5H,X) and NaoCOjare 
mixed in a ciivity on charcoal and heated in the inner 
blowpipe flame, red scales of Cu are obtained ; these are 
best seen after they have been washe<l (40). 

167. ^1 borax bead c()ntainin»r Cu is ffvren while 
hot and blue when cold after havintr Ikxmi fused 
in the outer l)l()W])ipc flaino ; fusion in the inner 
flame causes it to l)ecx)me vvd or t'o/nrlri<.^, hut onlv 
when very little Cu is present and the Ixnul is long 
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heated in a good reducing flame : the addition of a frag- 
ment of Zn or Sn aids this change. 

168. Flame coloration. — If a loop of platinum wire 
is dipped into CuSO^ solution and held in the inner 
blowpipe flame, or in the Bunsen flame, it gives a green 
coloration ; the flame shows a blue centre after the loop 
has been moistened with IICI, or if CuClg solution was 
originally used. 



Cadmium (Cd).— Use CdSO,.4H20. 

169. H^ii: bright yellow precipitate (CdS): boil off 
the HgS and pour the liquid containing the precipitate 
into five tubes ; show with these separate portions that 
the precipitate is insoluble in AnigS, in KHO and in KCy 
solution, but soluble in boiling dilute HNO3 and in 
boiling dilute HjSO^ : dilute the H2SO4 solution with 
much water and pass HgS for a short time, yellow CdS 
is reprecipitated. 

170. AmllO, if added in a very diluted state and in 
small quantity, gives a white precipitate (CdHzOj) ; on 
adding more AmHO the precipitate readily dissolves. 

171. Hi/SO^: no precipitate : difference from Pb. 

172. If powdered CdSO^ is mixed with NagCOg in a 
cavity on charcoal and heated in the inner blowpipe 
flame, it gives a brown incrustation. 



11* 
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173. Group 1 1, a. — 



Teeta. 



ForUquicU. 

1. Pub H2S, or add H3S 
water: 



2. Add HsS04 : 

3. Add AmHO : 



Blowpipe reacthtu for 
$olida. 

4. Heated with Na^COa on 
charcoal in the inner i 
blowpipe flame : 



Hg-ealts. 



Black precipitate ; when fll- 
tered and well washed, in- 
soluble in bulling strong 
UNO3, and unclianged by it. 



While precipitate, insolable in 
excess. 



Test for Ug by 147. 



Pb— aalta. 



Black precipitate ; almoHt 
insoluble in boiling Ktron*; 
HNO9, changed by it iutu 
iekiUPbSOi. 



White precipitate. 

White precipitate, inaoluble 
in excess. 



Yellow incrustation ; white 
malleable globulea. 



Separation and Detecttion of Metals in Group 

II.A. 

175,* This separation deiKinds upon the following 

differences : — 

1. The solubility of Bi2S3, CuS and CdS in strong 
boiling HNO3, in which IlgS and PbS are insoluble and 
remain as Hji^S and PbSO^ res|)ec*tively._ 

2. The solubility of PbSO^ in H2T and excess of 
AmHO in which HgS is insoluble. 

3. The solubility of Cull2()2 and CdllA, and the 
insolubility of BillgOg in exwss of AmHO. 

4. The solubility of CdS and insolubility of CuS in 
boiling dilute HjSO^. The insolubility of CdS in KCy 
solution, in which CiiS easily dissolves, furnishes another 
means of sepanition. 

The j>resence of each metal is then confirmed by some 
special test. 
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Table op Differences. 



Bi— salts. 



JBIddIr precipitate ; soluble 
in boiling strong NIIO3 
to form a colorless solu- 
tioD. 



WkUe precipitate, insoluble 

in excess. 
CoDflrm by 156. 



0nmg9 red incrustation 
white MtOe globules. 



Cu-saltB. 



Black precipitate; soluble in 
boiling concentrated HNOg 
to form a blue solution ; 
insoluble in boiling dilute 
H2SO4. 



Blue precipitate, easily sol- 
uble in excess to a deep 
blue liquid. 



No incrustation ; red metallic 
Ck)nflrm by 167, 168. 



Gd— salts. 



Fe/ZW precipitate ; soluble 
in boiling HNO:), uid in 
boiling dilute Il2iS04. 



While precipitate, easily sol- 
uble in excess. 



Broum incrustation ; no glob- 
ules. 



176.* A solution which may coTUain the metals of 
Group II.A is first made acid, if not already so, with a 
little HCl ; whether the liquid is clear or not, H2S is 
then passed in a rapid stream through it for about five 
minutes ; the precipitate is filtered off; the clear filtrate 
is either mixed with HiS-water, or it is diluted with a 
little water and HjS is passed through it again for a 
short time, to ascertain whether the metals have been 
completely precipitated : if no further precipitate is pro- 
duced, the filtrate may be rejected; but in case HgS 
causes further precipitation, the gas must be passed for 
some time longer and the liquid poured again through 
the filter, the filtrate being rejected only when H28 no 
longer produces any precipitate in it ; the precipitate is 
then examined by Table II. (435), commencing at 
Group II.A (Cop|ier Group), and using only the left- 
hand side of the Table. 
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GEOUP II.B.— ARSENIC GROUP. 

177. This group includes As, Sb, 8n, Au, Pt. 

Its members differ from those of Groups III.A, III.B, 
IV. and V. by being precipitated as sulphides by HjS 
from a solution made acid with HCl ; they differ from 
those of Group I. by not being precipitated by HCl. 

The sulphides of this Group differ from those of 
Group II.A by being soluble in AmjS and in KHO. 

178. Each metal of this group forms two series of 
compounds, which resemble each other in many reac- 
tions, but also present certain differences. Tne two 
classes are distinguished conveniently by the termina- 
tions 'ic and -(ms; thus we speak of arsenic and arsenioua 
acid. 



Arsenic (As). 

Use for an arscniai^s compound AsjO^, dissolved in 
boiling water; and for an arsenic compound Na2HAs04.- 
I2H2O dissolved in water. 

The tests described in paragraphs 179-186 give the same 
ultimate result with both arseniow* and arsemc compounds: 
as a rule, however, the reaction proceeds slowly with arsenic 
compounds, since its first stage consists in their conversion 
into arsenious compounds. 

Arsen/c compounds are converted into arseniotM by boiling 
them with H2SO3, strong HCl, or other reducing agents; arsen- 
iou8 compounds are oxidized into arsenic compounds by being 
heated with lINOa, or with other oxidizing agents. 

179. HjS produces in neutral solutions of arsenious 
com})ounds only a yellow coloration ; but if the solution 
is acidified with a few drops of HCl, a light yellow floc- 
culent precipitate (As^S.,) forms i n in: ed lately even in the 
cold. 

Filter oil' sonic of tlio AsjS, and show that it is insol- 
uble in boilinjii: stroii;^ IICI. If some of tlie rest of the 
liquid containiii<]^ the precipitate be poured into two test- 
tubes, the gradual addition of KHO or of AnijS will 
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completely dissolve the AS2S3, which is reprecipitated, 
however, on the addition of HCl in excess. 

In cold acidified solutions of arsenic compounds H2S 
produces no precipitate ; but if strong HCl is added and 
the solution is boiled, H^S causes in the boiling solution 
first a precipitate of white S and then of yellow AS2S3. 

The complete precipitation of arsenic solutions by H2S 
is most rapidly effected by first adding H2SO3 to the 
boiling solution until it smells persistently of SO2, then 
boiling until 8O2 is no longer smelt ; the arsenious com- 
pound thus produced is readily and completely pre- 
cipitated by H2S in the cold solution. 

180. Reiruich's test — Several narrow strips of sheet 
copper are cleansed with sand paper, or by dipping them 
into strong HNO3 f ^^^7 ^^^ ^^^^ boiled in the arsenious 
solution, which has been previously acidified by dilute 
HCl ; the surface of the copper will soon be coated with 
a dark grey film of AS2CU6. 

The strips are carefully removed, rinsed, gently pressed 
between filter paper, and then dried by heating them in 
the steam oven or by holding them between the finger and 
thumb in the flame ; they are then gradually heated over a 
very small flame in a hot and 
dry test-tube; a sublimate of ^^---* — ^ 

A82O3 will form, which will be ^ /J^ r^^\ 
crystallineandsparklingifmois- / j^ S l^ %g\ 
ture was entirely absent and the /gg ^ |»/ ^ ^ 
sublimation was effected very / ^ ^ pIS Kj 
slowly while the sides of the BI ^^ mm V r^ 
tube were hot ; these crystals, if \\xr7^ ^^jft^J^ 
examined under the microscope, \(^ ^ y^W^Cl/ 
are seen to be transparent, color- 
less, regular octahedra and 
tetrahedra (Fig. 40), and their 
formation under the above conditions is a most valuable 
confirmation of the presence of As. 

If the sublimate is white and non-crystalline it may be 
dissolved in a little boiling water, and the presence of As 
confirmed by applying tests 179, 187 to the solution. 
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[181. 



The presence of As in the grey deposit should always 
be confirmed by one of the above methods, since other 
metals may be deposited as grey films on the Cu. 

This test serves to detect arsenic compounds after their 
solutions have been reduced by being mixed with strong 
HCl or H2SO3 and boiled. 

The following tests (181-184), which depend on the formation 
of very poisonous AsH, gas, should be performed in a cupboard 
provided with good draught or in the open air. 

181. Hqfmann^a teat. — Pour dilute HCl upon some Zn 

in a small hydrogen 
flask fitted as is shown 



Fig. 41. 




in Fig. 41. The hy- 
drogen as it escapes 
bubbles through solu- 
tion of lead acetate con- 
tained in the second 
flask, and is thus freed 
from any H2S with 
which it might possibly 
have been mixed ; it is 
then allowed to bubble 
through AgNO, solu- 
tion contained in a test-tube: if the Zn and acid are free 
from As, as they should be. no precipitate or color is 
produced by the gas in the AgNOg solution. 

If a little Ai^2^\ solution is now poured down the fun- 
nel into the hydrogen flask, a black precipitate of Ag will 
begin to form in the A^NO, solution ; this is produced 
by the AsHg which is fornicil by the action of the nascent 
hydrogen upon the AS2O3 : — AsjOj -f 1 2H = 2ASH3 + 
3H2O. 

The AsHj on passing into the AgNOa solution reacts 
thus : 

ASII3 -f 6 AgNO, 4- ^TIoO = 6 Ag -f H3 ASO3 + 6HNO3. 

Hence Ag is precipitatiMl and 03 ASO3 remains in solution. 

As soon as a ('0])i()ns proci])itatc has been obtained, the 
test-tul)c is removed. It will l)e iK'st to set asidr the test- 
tube with its contents to l)e examine<l afterwanl, and to 
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proceed at once to use the gas, while it is being briskly 
evolved, for reactions 182, 183. 

The liquid in the test-tube is filtered, the precipitate 
rejected, and several drops of AgNOg solution are added 
to the clear filtrate. Some very dilute AmHO is made 
by pouring several drops of AmHO solution into a test- 
tube, then nearly filling up with distilled water and in- 
verting the tube. On mixing this drop by drop with 
the filtrate, a light yellow precipitate (AgjAsOj or Agg- 
HAsOg) will be obtained. The formation of this pre- 
cipitate on the addition of AmHO is explained by the 
fact that HgAsOg is in the solution in the presence of 
AgNOg and also of HNO3, as is seen by the last equa- 
tion ; now AgNOg forms with HgAsOg a yellow precip- 
itate if no free acid is present in the liquid (187) ; hence 
on neutralizing with AmHO the free HNOg which is 
already present, as well as that formed by the action of 
AgNOg on HgAsOg, the precipitate appears : 

HsAsOs + SAgNOs -f 3AmH0 = AgaAsOj + 3AmNOs -f 3H,0. 

This precipitate is also readily soluble in AmHO ; hence 
it is necessary to use very dilute AmHO and to add it 
gradually in order to avoid excess. 

182. Marnh^s test — Disconnect the flasks and slip into 
the india-rubber joint a tube of hard glass about four 
inches in length, support- ^iq, 42 

ing it on a ring of a retort 
stand (Fig. 42) ; then pour 
in through the funnel tube 
a little strong HCl. 

If the experiment is 
])erformed as is here di- 
rected, the H will have 
been evolved for some time 
and will have expelled all 
air from the flask, there- 
fore there will be no risk 
of an explosion occurring when the gas is lighted ; 
but if the H is being produced for the first time, 
or the flask has been opened or recharged, allow the 
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gas to escape briskly for four or five minutes ; then 
ascertain that a test-tube full of it burns quietly before 
adding the liquid to be tested for As and lighting the 
gas at the jet. In any case it is well to cover the flask 
with a cloth before kindling the hydrogen (16). 

On lighting the gas, its flame will be seen to differ 
from that of pure H by its livid blue color and by 
giving off* white fumes of AS2O3. If these appearances 
are not noticeable, a little more As20s solution must be 
poured into the flask through the funnel tube. 

Press down upon the flame the inside of a porcelain 
crucible lid or of a porcelain crucible or dish ; a dusky 
black film of As will be deposited upon the cool sur- 
face; pour upon this some freshly-made solution of 
CaClgO, the stain will be rapidly dissolved. 

Also warm a stain of As inside a porcelain dish with 
AnigS, it will dissolve and the solution will leave yellow 
AS2S3 when it is slowly evaporated. 

183. Add a little more strong HCl, if necessary, to 
cause the gas to come off* rapidly ; light it at the jet and 
heat a point near the middle of the tube strongly (Fig. 
42) ; a black mirror of As will form just beyond the part 
heated by the flame ; the flame burning at the jet will 
meanwhile become colorless, showing that the arsenic 
has been removed from the hydrogen. Heat another 
point in the tube so as to produce a second mirror; then 
divide the tube between the mirrors, and dissolve one 
mirror when cold by warming it w^ith some fresh solu- 
tion of CaCl20 in a test-tube. Heat the other mirror 
gently in a test-tube held obliquely in the flame ; a crys- 
talline sublimate of AsjO, will be obtained (Fig. 40). 
Dissolve the sublimate when cool in a little hot 
water and confirm the presence of As by reactions 179, 
187. 

183^. AsH^produoes a characteristic color with HgClj 
solution. Remove the cork from the larger flask and 
push a plug of cotton wool into its iie<*k to stop any 
spurting from the liquid in the flask; then cover the 
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mouth of the flask with a small piece of filter paper 
moistened with HgCl2 solution, the paper will become 
colored first yellow^ then brown. If paper moistened 
with AgNOa solution be substituted, it is blackened, 

184. Fleitmann's test. — Boil some pieces of Zn in 
KHO solution, H will be evolved which is free from 
odor ; if a little AS2O3 solution is now added and the 
liquid is again boiled, a garlic odor will be perceptible 
owing to the evolution of AsHj : — 

/ Zn + 2KHO=H2-i- ZnKA. 
\ AS2O3 + 12H=2AsH3+ 3H2O. 

If a small piece of filter paper moistened with AgNOj 
solution is placed on the mouth of the tube whilst the 
liquid IS being boiled, it will be stained black by the 
separation of Ag(181). 

This reaction does not succeed with arsenic compounds 
unless they have l)een reduced by being boiled with 
strong HCl or with H2SO3. 

Sb compounds do not give this result, the test therefore 
distinguishes between As and Sb. 

185, Mix any solid substance containing As, which 
has been finely powdered and thoroughly dried in the 
steam oven, intimately in a mortar with about four times 
as much of a mixture of KCy and freshly-ignited 
Na2C03; heat this mixture in a little bulb-tube of hard 
glass (Fig. 43), or in a small test-tube about three inches 

Fig. 43. 




in length, observing the precautions stated in the note 
under 147 : a black mirror of As will form in the cooler 

Sart of the tube and frequently a smell of garlic may be 
etected at the mouth of the tube. 
12 
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If the bulb is cut off and the mirror is gently heated 
in a test-tube, it will be converted into a white sublim- 
ate of AS2O3 or into transparent octahedral crystals of 
this oxide (Fig. 40). 

186. If any solid substance containing As is mixed 
with NaaCOj and the mixture is heated on charcoal in 
the inner blowpipe flame, a smell of garlic will be 
noticed when the charcoal is removed from the flame ; 
also the flame will be colored livid blv^y unless this tint is 
overpowered by the yellow sodium coloration. 

\%%a. If a little solid AS2O3 is heated in a small ig- 
nition tube, it will be readily sublimed ; if the AsjO, is 
perfectly dry, and is sublimed very slowly after the 
upper part of the tube has been first heated in the flame, 
the sublimate will sparkle and on examination under the 
microscope it will be seen to consist of octahedral crys- 
tals (Fig. 40). 
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DisTiNCTivK Tests for Arsenioto and Arsen/c Compounds. 



Reagent. 



187. AgNO^. 
several drops 
are added. 



188. CuSO^, 
several drops : 



189. CuSO^, 
two drops : 
then EHO 
added : 



190. AmCl, 
AmHO^ and 
MgSO^ : 



AnenioiM compound. 
Use AB|Os diflsolveid in H^O. 



Light yellow precipitate, 
(AgjHAsO^ or AgjAsO,) : 
this precipitate forms only 
on adding carefully, drop 
by drop, a little dilute 
AmHO : * show that it is 
dissolved by AmHO and 
by HNO,. It is also 
appreciably soluble in 
AmNOji hence, if too 
much AmHO has been 
added,the precipitate does 
not always form on neu- 
tralizing with HNO,. 
Yellowish green precipitate 
(Cu^^HAsOg): this precip- 
itate forms only on adding 
dilute AmHO carefully, 
drop by drop : show 
that it is soluble in 
AmHO and in HNO,. 
The above yellowish green 
precipitate is first pro- 
duced, but on addition of 
more KHO this dissolves 
to a clear blue liquid, 
which on being boiled 
deposits red Cu,0. 
No precipitate. 



Arsenic compound. 

Use Ni4HAs04.12Hs0 

dissolved in H^O. 



Brovm precipitate, 
(AgjAsOJ : show 
that it is soluble 
in AmHO and in 
HNO,. 



Pale green precipitate 
(CuHAsOJ: soluble 
in AmHO and in 
HNO,. 



No clear blue solution 
is obtained, and no 
CujO is produced on 
boiling the liquid. 



White crystalline pre- 
cipitate (MgAmA804): 
if filtered off and 
moistened with 

AgNO, solution on 
the filter it becomes 
brown. 



• AsjOs when dissolved in water yields HiAsOg, which cannot give 
with AgNOs the AggAsOs precipitate because this decomposition would 
liberate HNOj, in which AgjAsOs is soluble; hence tne addition of 
AmHO is necessary to neutralize the free acid ; but since the precipi- 
tate is also soluble in AmHO, the latter must be added carenilly in 
only just sufficient quantity to neutralize the acid. This is best effected 
by using some very dilute AmHO, made by pouring a few drops into a 
test-tube, filling the tube two-thirds with distilled water, then closing 
it with the thumb, and inverting it for a moment. The dilute AmHO 
is to be added drop by drop, shaking or stirring the test solution after 
each addition until the precipitate is obtained. 
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Antimony (Sb).— Use SbCl, in dilute HCl. 

Antimonic and Antimonieni« compounds give results ultimately 
identical in the following reactions (191-198), with the exception 
of 192. After these reactions, which are common to Sb in 
both its sets of compounds, two are given which are distinctive. 

191. -ffaS^: orange red precipitate (SbaSs) : pour off into 
three tubes, and show that the precipitate is dissolved 
when it is warmed with pure KHO or with Am,S, but is 
reprecipitated from these solutions on the addition of HCl 
in excess : also that it is soluble in boiling strong HCl. 

192. If poured into much water, SbCl, solution yields 
a white precipitate or turbidity (SbOCl) : this precipitate 
redissolves on adding HCl and warming, and is also 
readily soluble in HjT ; in this latter respect it differs 
from the similarly formed BiOCl precipitate (156). 

193. If the acid SbClj solution is poured upon some 
platinum foil in a porcelain dish and a piece of Zn 
is dropped upon the foil, the platinum will be rapidly 
coated with a black deposit of Sb. If the foil is rinsed 
with water and then boiled with HCl, the stain remains 
undissolved, but it is rapidly removed by boiling HNO3. 

Sb may be detected by the evolution of SbH, when a solution 
containing it is poured into a hydrogen apparatus, as is directed 
in 181 for an arsenic solution ; this gas differs from AsH, by 
being free from smell and from poisonous properties. 

194. If SbHg is passed into AgNOj solution (181), it 
produces a black precipitate (SbAgs) : — 

SbHa + 3 AgNOa = SbAgs+ 3HNO3. 

Filter off this precipitate and reject the filtrate, which 
will contain no Sb : wash the precipitate four or five times 
with boiling water upon the filter : then pour upon it 
boiling dilute HjT solution, which will dissolve the Sb; 
receive the liquid in a test-tube; boil it, and pour it once 
more upon the filter; add HCl to the liquid, filter, if 
necessary, from AgCl and pass HjS into the acid solu- 
tion, orange red SbjSj will l^ precipitatoil. 

195. A stain produced by Sb on jK)rcelain in the manner 
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already described in 182 differs from the As stain by 
presenting a dead surface and by being insoluble in 
CaCljO solution ; also when the stain is dissolved by 
warming it with AmgS, the solution, if evaporated by a 
gentle heat, leaves orange red SbgSj. 

196. The Sb mirror, obtained as is described in 183, 
differs from the As mirror by being formed much 
nearer to the flame and on both sides of the heated part 
of the tube, owing to Sb being less volatile than As ; 
it may further be distinguished by the test given in 195. 
This mirror, if oxidized by sublimation, is also insolu- 
ble in boiling water : if it is then dissolved in a little 
boiling HCl, the solution gives an orange red precipi- 
tate (SbgSj) when HjS is passed into it, whereas the 
AS2O3 solution gives yellow Asg S3. 

196^. SbHa acting on filter paper moistened with 
HgClg solution, as is described in 183a, yields a greyish 
brovm stain. 

197. If a solution containing Sb is boiled with Zn 
and KHO, it does not evolve SbHg; hence the escaping 
hydrogen does not stain paper moistened with AgNO, 
solution (184). This test distinguishes As from Sb. 

198. If a little solid substance containing Sb is 
mixed in a cavity on wood charcoal with Na^COa and 
KCy and the mixture is heated in the inner blowpipe 
flame, a white incrustation forms on the charcoal and 
white globules of metallic Sb are obtained which are 
extremely brittle. The flame is seen to be colored pale 
green, unless this tint is concealed by the yellow sodium 
coloration. When the melted Sb is withdrawn from the 
flame, each globule emits a white smoke and coats it- 
self with sharp white crystals of SbgOj. 

The two distinctive tests (199, 200) for antimonious 
and antimonic compounds given in the following Table 
are seldom used ; they may be read through without 
trying the reactions, and may be referred to hereafter 
if required for analytical purposes. 

12* 
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DisTiNCTivB Tests for ANxiMONioro and Antiuonjc 

Compounds: 



Beagent. 


AntimonioiM. 

Ufe th« aboTe solution of 

SbCl, in dilute Ha. 


Antimonie. 
Use K^SbiO* solution, ob- 
tained by boiling some 
**PoUasiam metantimo- 
nate*' withHfO. 


199. Add exceoB of 
KHO.thenAgNOa 
solution : 

200. Addexcenof 
HCl and warm; 
then pour in a 
Uttle KI soluUoD : 


A dark-colored precipitate 
which when sbiUcen after 
addition of AmllO leaTes 
black Ag40 undisBoWed. 

No iodine is set tne ; proTed 
by the liquid not turning 
brown and giring no color 
after being cooled and mixed 
with freshly-prepared starch 
solution. 


A brown precipitate, which 
disBoWee entirely on ad- 
dition of AmHO. 

Iodine is liberated, giring a 
brown color to the liquid 
and yielding a deep blue 
color when starch sitla- 
tion is added to the cold 
Uqoid. 



Tin (8n). — Stannosum and Stannicum. 

Distinctive Reactions fob Stannoto and Stannic 

Compounds. 



Test 



201. PassHj^ 



208. HgO,: 



StannoiM. 

Use SnCL.2HsO dissoWed in 

dilute Ha. 



Dark broum precipitate,* 
(SnS) : soluble in KHO 
and in yellow AmJS on 
heating ; reprecipitated 
by Iia, from the KllO 
solution as brown 8nS, 
from the AmJ^ solution 
as yellow 5nS,. SnS 
is insoluble in cohrUss 
Aro^S. 



White precipitate (HggCl.) : 
turns grey on being boiled 
if the SnCli is in excess 
(H5). 

208. AuClg : l Ihirple or dark hmtrn pred- 
added after a i pitate of •' Purple of Cas- 



Stannfc. 
Use Sna4 in dilate HCL 



Yellow predpitai£,* 
(SnS^, often form- 
ing only when the 
liquid is heated ; 
soluble in Am^ 
(both yellow and 
cohrUst) and in 
KHO on heating, 
reprecipitated by 
HCl as yellow SnS, 
fh>m both solu- 
tions. 

• 

No precipitate. 



drop of 
water : 



Br- 



SlUS. 



tl 



No precipitate. 



* Both SnS and SnSs are readily soluble in boiling HCl. 
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The following reactions give ultimately the same re- 
sults with both stannous and stannic compounds : 

204. Zn when immersed in an Sn solution which 
has been acidified with HCl becomes coated with a 
spongy mass of Sn : the Zn should be allowed to remain 
for some time in the solution in a small porcelain dish ; 
the action is much hastened by gentle heat. If the Zn 
rests on platinum foil the Sn is deposited in a spongy 
state on the Zn and does not stain the Pt blacky differing 
in this way from Sb. The deposition of Sn from SnClj 
is much more rapid than from SnCl4. Sn is often pre- 
cipitated in this reaction in beautiful crystals. 

The deposit of Sn may be rubbeil and washed off the 
Zn in a porcelain dish, rinsed into a test-tube, and dis- 
solved in a little boiling strong HCl; it will yield with 
HgCl2 solution a white precipitate of Hg2Cl2 (202), 
This reaction depends upon the presence of SuCl2 in the 
acid solution, and this is converted by exposure to the 
air into SnCl4. 

205. If any solid compound containing Sn be mixed 
with powdered XajCOg and KCy and heated on charcoal 
in the inner blowpipe flame, a slight white incrustation 
will be obtained, together with white particles of metallic 
Sn which are with difficulty fused into globules. The 
globules of Sn are malleable, but differ from those of 
Pb by their greater hardness, which prevents them from 
marking paper (153). 



(jOLD (Au). — Use AuClj solution : note its light yellow color. 

8nCl^, containing a little SnCl^ : purple or dark brown precipi- 
tate of Purple of VasduSy which is best seen when the test is 
made in a white porcelain dish. 

FeSO^ produces either at once, or on heating the solution, a 
very finely-divided precipitate of Au : the liquid usually ap- 
pears bluish by transmitted light and is always copper red and 
turbid by reflected light : — 2AUCI3 + 6FeS04= 2Au + 2Fe- 
(SO,),+ Fe,Cle. 

H.^SO^ produces on boiling a similar precipitate of Au: by 
boiling the liquid for some time in a porcelain dish the Au 
settles in small black masses and the solution loses its color. 
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Platinum (Pt). — Use PtCl^ solution : note its reddish yel- 
low color. 

AmCl added to a strong solution produces on standing for 
some time, or more quickly on being stirred, a yellow precipi- 
tate (AmjPtCls), which is soluble in much hot water. 

SnCl^ gives a reddish brown color (PtClj) in the solution 
acidified with HCl :— PtCl, -f SnCl,= PtCl,4- SnCl,. 

The method of separating and detecting Au and Pt is fully 
stated in paragraphs 472-474. 



206. Group I I.e. — Table of Differences. 

The following teste answer for these metals in both sets of com- 
pounds : for further distinctive tests see the preceding reactions. 

No. 3 may be omitted, unless decisive resulte have not been 
obtained by 1 and 2. 



Testa. 


As. 


Sb. 


Sn. 


For liquidM. 








1. Paw U^ into 


Yellow precipi- 


Orange red preci- 


Brown pre- 


the suhition 


tate, insoluble 


pitate, soluble 


cipitate with 


acidified witli 


in boiling 


in boiling 


BtanDotu: 


HCl and heat ; 


strong Ha. 


strong HCl. 


Yellow pre- 


if no precipi- 


Arsenic com- 




cipitate with 


tate forms, heat 


pounds give 




stannic: 


to boiling, and 


til is pn>cipitate 




Both soluble in 


again poas HgS: 


only on boil- 




boiling strong 




ing : arNeniou« 




Ha. 




in the cold. 






2. Zn and HCl on 


AsH;, evolved, no 


Black stain of 


Sn deposited on 


platinum : 


$tain on the 


8b on the plat- 


the sine, «• 




platinum. 


inum. 


atain on the 
plathnun. 


3. Zn and HCl: 


A$H^ gas is 


S7>//» gas is 


Sn is deposltKl on 




evolved, which 


evolve<l, which 


the Zn strips : 




if fiassod into 


if iiuMtHi into 


and if dissolred 




.\gNO3 solution 


AgNO., solution 


in boiling HCl 




gives a black 


gives H pn'cipi- 


gives a white 




precipitate of 


tate of Ag:p<b, 


precipitate on 




Ag, H«,A»0.i be- 


fron» whitli hot 


addition at 




ing left in solu- 


Hjt solution 


HgCl,. 




tion ; on adding 


dissolves Sb ; 






dUute AmHO 


H.S gives in 






to this solu- 


this solution. 






tion, yellow 


after ailding 






AgiAsOa is pre- 
cipiUted. 


H(l, orange- 






red M.^. 




For $oUdM. 








4. Heat with 


.V» motHllic gloh- 


Brittl*' metal In- 


M'llhnhle metal- 


Na.j('0;, and 


ul»i» : «niell of 


globulcft, white 


lir globules, 


KCy on char- 


garlir. i 


incru(*tj»tion. 


white incrusta- 


c«>ai in the 


Confinu by heat- 




tion. 


inner blowpipe 


ing same mix- 




1 


flame. 

1 


tun* in an 
ignition tulie 


1 






(m). 




1 



\ 
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Separation and Detection of Metals in Group II.b. 

Several methods have been proposed for the separa- 
tion and detection of As, Sb and Sn, when they are 
mixed ; the most trustworthy are those introdue^ by 
Hofmann (208) and by Fresenius (210); but a method 
which is more simple and can be much more rapidly 
carried out is described in 209. 

207,* From a solution which may contain As, Sb and 
Sn, these metals are first precipitated as sulphides by 
passing H2S into the acidified solution ; after filtering 
off the sulphides, the filtrate is again tested by passing 
HjS through it and warming, in order to see whether 
the precipitation has been complete. When no further 
precipitation is produced by HjS, the precipitate is ex- 
amined by 208, 209 or 210. 

208,* Hofmann^ 8 method consists in pouring the so- 
lution of the metals into a flask, in which H is being 
generated by the action of HCl upon Zn ; Sn will re- 
main as a spongy mass on the Zn, while As and Sb will 
be evolved as AsHg and SbHg; these two gases are 
passed into AgNOg solution and yield soluble H3ASO3 
and insoluble AgjSb, which are separated by filtration ; 
after the three members of this group have been thus 
separated, they arc detected by the si)ecial tests already 
described, which are tabulated in 435 6. 

209.* The following method of examining a precip- 
itate, which may contain the sulphides of As, Sb, Sn 
(207), is simple and expeditious, and is sufficiently ac- 
curate when traces of these metals have not to be 
looked for. 

It depends upon the insolubility of AsjSj in hot, 
strong HCl, in which SnS, SnSj and SbaS, are soluble; 
the further separation of Sb and Sn is effected either by 
adding Zn alone to the acid solution, when Sb is evolved 
as SbHg and Sn is deposited upon the Zn ; or by add- 
ing Zn and Pt, when Sn is deposited on the Zn and Sb 
on the Pt. 

The precipitate produced by HS (207) is filtered off 
and allowed to drain for some time upon the filter in 
the funnel ; it is best to drain it still further by care- 
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fully taking the filter out of the funnel, opening it out, 
and spreading it upon a piece of filter paper folded sev- 
eral times, or upon a pile of three or four cut filter pa- 
pers. The precipitate is then removed to a small porce- 
lain dish and heated for some time nearly to boiling with 
strong fuming HCl ; the liquid is cooled and filtered : — 



7%« residue will 
consist chiefly of 
AssSs, which is 
almost insoluble 
in strong HCl. 

Dry the washed res- 
idue on the filter 
at a gentle heat, 
then mix it with 
three or four times 
as much powdered 
KCy and Na«CO», 
and heat the mix- 
ture in a small 
bulb-tube, remov- 
ing any drops of 
water inside the 
tube by a twisted 
piece of filter 
paper ; a black 
mirror (185) : — 
Presence of As. 



Note— The Asj^S "^^J 
also b«diiMolv(Hl by hetit- 
in;; with a little fiiiuinK 
nXOg. The exceas i)f 
HNO3 is >)oiUMl ofT iiiulj 
Ah detected an H^AsOf 
by adding AinCl, excegs 
of AniHO and MgSO^ 
(190) ; or by a«l«lition uf| 
AgNOj, an<l then ran- 
tiously nentralizing witli 
AmHO (1S7). 



The filtrate may be examined for Sb and Sn by 
either I. or II. below : — 

I. Place a piece of platinum foil in a porcelain 
dish and pour the acid filtrate upon it, then 
touch the foil with a piece of Zn ; H will come 
off with effervescence, and if either at once or 
after a few minutes a black stain appears 
upon the platinum, the presetice of Sb ia indi- 
cated.* 

The platinum foil is removed and pieces of 
Zn are placed in the liquid : as soon as the 
bubbles of II cease to be given off, Zn still re- 
maining undissolved, remove the pieces of Zn, 
rubbing and rinsing any dark deposit back 
into the dish ; let this deposit settle, decant 
the liquid and heat the solid deposit with 
strong HCl for several minutes in a test-tube, 
dilute with a little water, filter if necessary, 
and add a few drops of HgCL solution : a 
white or grey precipitate (2C5, 2o2) indicates 
the presence of Sn. 



II. The ncid filtrate is poured into a little hydro- 
gen flask (Fig. 41, p. 118), in which H has been 
coming off briskly for about five minutes, being 
produced by the action of a little strong HCl 
on some pieces of Zn. The H is lighted at the 
jet, and the inside of a small porcelain dish or 
crucible lid pressed down upon the flame : a 
black stain not dLs«olved by solution of bleach- 
ing powder shows the presence of Sb. 

The residue in the flask is tested forSn, as 
directed in the bitter part of I. (above). 



* The Sb thus deposited on the Pt may, jiHer rinsing the foil, be 
dissolved by heating the Pt in a test-tu))c with a little very dilute 
HNOa: on cooling, diluting and passing U^S, an orange-re»l precipi- 
tate will form, confirming the presence of Sh. 

210.* FreneniuH^ incthod of detectinjj^ As, Sh and Sn is 
very delicate and trustworthy. It depemls n|)on the fact 
that fusion with NajCOj and NaNOj converts AsjSj into 
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soluble NagHAsO^, SbjSg into insoluble NajHjSbjOj and 
SnSa into insoluble Sn or SnOa. 

The predpUated sulphides (207) are dried on the filter, 
and the precipitate* well mixed on a watch glass or in 
an agate mortar with equal weights of powdered Na2- 
C03 and NaNog; this powder is dropped in small 
quantities at a time into some NaNOg kept melted in a 
small porcelain crucible over a Buusen flame. When 
the powder has all been added, the crucible is heated 
sufficiently to keep the substance melted for a few min- 
utes, and the fused mass is then poured into a small, 
diy jwrcelain dish ; as soon as the substance has cooled, 
cold water is poured upon it in the dish and also upon 
the residue adhering to the inside of the crucible, and 
the solid substance is allowed to soak for some time 
with occasional stirring, crushing it by pressure with a 
pestle if it does not easily fall to pieces ; it is then fil- 
tered : 



ITie residue is washed on the filter with a mixture 
of equal measures of water and alcohol, to pre- 
vent solution of the Na«HsSbs07 ; the washings 
are rejected. The precipitate is then rinsed 
into a small porcelain dish, using as little 
water as possible ; a few drops of strong HCl 
are added and the dish is heated, more HCl 
being added, if necessary, to make the liquid 
acid to litmus paper. Whether the residue has 
dissolved or not, place in the liquid a piece of 
clean platinum-foil, and upon the foil a piece of 
pure Zn. Remove the foil after a fe^ seconds ; 
if it shows a black stain the presence of Sb is 
proved.f When the Zn ceases to be acted 
upon, Sn if present will remain as a spongy 
deposit. This is to be washed by decantotion, 
dissolved by boiling with IICl in a test-tube, 
and HgClt added immediately to the solution ; 
a white precipitate (202) shows the presence 
of Sn. 



Mltrate: HNO, is 
added untU the 
solution is just 
acid after be- 
ing boiled, then 
AgNO, solution 
is poured in as 
long as it causes 
any precipitate, 
and very dilute 
AmllO is added 
little by little; J 
a brown precipi- 
tate, readily dis- 
solving in excess 
of Am HO, shows 
the presence of At, 



• If the quantity of the precipitate is very small, the part of the 
paper containing the precipitate is cut up into small pieces and treated 
an the precipitate. 
• t See foot-note on papre 130. 

Jt Instead of mixing dilute AmHO with the liquid, it may be care- 
Iv poured upon the top of the liquid ; a brown color is then seen 
at the sarface of contact. 
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GROUP I.— SILVER GROUP. 

211. This group includes Pb, Ag, Hg'. 

The compounds of these metals differ from those of 
all other metals by being precipitated as chlorides by 
HCl or by soluble chlorides ; since, however, PbCl, is 
somewhat soluble in w^tcr, Pb is not entirely precipi- 
tated and is also found in Group II.a as PbS. 



Lead (Pb). 

The reactions for Pb have been already given under 
Group II.A in paragraphs 149-153. 



Silver (Ag). — Use AgNO, solution. 

212. HCl: white precipitate (AgCl), becomes curdy 
on being shaken or heated : pour off into four tubes ; 
filter one, wash the prcH'ipitatc and let it stand for some 
time exposed to sunlight or common daylight, it will 
become blackish purj)le ; show with the other portions 
that AgCl dissolves readily when heated with AmHO 
or with KCy solution, and is precipitated again from 
these solutions on adding HNO3 in excess ; also that it 
is insoluble in HNO3 even on boiling. 

213. -^2'^ ^ Am^S: black precipitate (Ae^SJ, insoluble in 
Am^ and in KHO, soluble in boiling dilute H^0,. 

214. KIIO : brown precipitate (AgHO), insoluble in excesB. 

216. AmHO: light brown precipitate, ])roduced only 
when very diluie AmHO is added drop by drop, since 
it is very easily soluble in excess of AmHO. 

216. If any solid substance containing Ag is mixed with 
powdered Na^CO., and heated on cbarcoal in the inner blow- 
pipe flame, it will pve white malleable globules or scales of 
Ag, but no incrustation. 
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Mercurosum (Hg'). — Use Hg'2(N03)2.H20 in dilute 
HNO3. 

Reactions (144-148) for mercuric salts yield precisely similar 
results with mercurous salts ; the two following reactions (217, 
218), however, serve to distinguish mercuric from mercurous 
salts: 

217. HCl: a white precipitate (Hg'2Cl2), insoluble 
in dilute acids unless warmed with both HCl and 
HNO3, which convert it into Soluble Hg"Cl2: becomes 
black when AmHO is poured upon it, but does not dis- 
solve, A solution of a mercuric salt is not precipitated 
by HCl or by solutions of chlorides. 

218. AmHO, or KHO : black precipitate, insoluble in 
excess. In a solution of mercur/c salt AmHO usually 
causes a white precipitate (NH2HgCl), and KHO pre- 
cipitates yellow Hgo. 



220. Group I. — Table of Differences. 



Tests. 


Pb. 


Ag. 


Hg'. 


TorUquidi. 

1. Add HGI : 

2. Add AmHO, rery 
dUate: 

3. Add E,Cr04 : 


White precipitate, 
mlubU in boUmg 
water; AmHO 
1 neither diifwlvea the 
precipitate nor 
changes its color. 

White precipitate, in- 
soluble in excess. 

Bright yellow precip- 
itate. 


White curdy precip- 
itate, insoluble in 
boiling tenter, easily 
soluble in warm 
AmHO. 

Brotim precipitate, 
readily soluble in 
excess. 

Chocolate redprecip- 
itate. 


White precipitate, 
insoluble m boUing 
water; insoluble in i 
AmHO, but black- 
ened by U. 

Black precipiiate, in- 
soluble in excess. 

Scarlet red precipi- 
tate. 


For $olid8. 

4. Pufle with 
NajCOg on char- 
coal in the inner 
blowpipe flame : 


White malleable glob- 
ules of metal which 
mark paper ; yel- 
low incrustation on 
the charcoal. 


White mallenbk glob- 
vleH or scales which 
do not murk imper; 
no incruBtation. 


No metallic glob- 
ules. 

Confirm by heating 
with NajjCOg in an 
ignition tube (147). 
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Separation and Detection of Metals in Group I. 
221.* The following differences are made use of: 

1. The solubility of PbCl2 in boiling water, in which 
AgCl and Hg'2Cl2 are insoluble. 

2. The solubility of AgCl in AmHO, in which 
Hg'2Cl2 is insoluble. 

The presence of each member when separated is then 
confirmed by one of its special tests. 

222.* -4 solution which is to be examined for Pb, Ag, 
Hg^ is precipitated by adding HCl in excess; it is then 
filtered and the clear filtrate is tested with more HCl to 
ascertain that no further precipitate is produced : the 
precipitate is then examined by Table I. (433). 



The foregoing reactions only include those for the metals of 
common occurrence. For information concerning the reac- 
tions, detection and 8e[)aration of the rarer metals and organic 
bases, the student is referred to the latter part of the sixth sec- 
tion of this book. 
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REACTIONS FOR ACID RADICLES. 



The acid radicles are usually detected in the course of 
analysis by special tests : they cannot advantageously be 
precipitated in groups and the members of each group 
then separated and identified, as is the case with the metals. 
Accordingly, the arrangement here adopted consists in 
placing together in a group such acid radicles as some- 
what resemble one another in their reactions, and at the 
end of each group stating upon what differences the de- 
tection of its members when occurring together depends. 

The reactions for acid radicles are worked through in 
the same way as those for the metals, a salt or other com- 
pound containing the radicle being employed. At the 
end of each group the student may with advantage detect 
one or more of its members, as was done with the metals. 

The systematic Tables of Differences, such as are given 
for each group of "the metals, are not drawn out for the 
acid radicle groups ; the student should have no difficulty 
in constructing such tables for himself, either mentally 
or on paper, by looking through the reactions. 



GROUP I.— SULPHATE GROUP. 

Sulphates are the only commonly occurring salts which 

five with BaClj a precipitate insoluble in boiling HCl. 
'luosilicates resemble sulphates in this respect, but they 
differ in so many other reactions that they are considered 
hereafter (299-301) in connection with fliuoridcs and 
silicates, to which they are analytically more closely re- 
lated. Selenates also yield a precipitate of BaSeO^ on 
addition of BaClj, but it dissolves when boiled for some 
time with strong HCl. 
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Sulphates (—''SO,).— Use NaaSO^.lOHjO. 

227. BaClif or Ba{N0^)2: white precipitate (BaSOJ, 
insoluble when boiled with dilute HCl or HNO3. 

Add BaCla or BaCNOjJa to strong HCl or HNO3, a 
white precipitate will be produced consisting of BaClj or 
Ba(N03)2, which are insoluble in the strong acids : these 
precipitates are readily distinguished from BaSO, by 
their solubility in water. 

228. If a sulphate, or any solid substance containing 
sulphur, is mixed with solid NojCOj and fused on char- 
coal in the inner blowpipe flame, it will yield NajS : — 

NajSO, + 4C = Na2S+ 4CO. 

The NajS is readily detected by detaching the cold solid 
mass from the charcoal with the point of a knife, placing 
a portion of it upon a bright silver coin, and moistening 
it with a drop of water : after tlie moistened mass has 
remained upon the coin for a short time it is rinsed off, 
and a black stain will then be seen upon the silver where 
the substance has rested (231). 

Another portion of the cool mass may be moistened 
with a drop of HCl ; a fetid smell of HjS will then be 
observed, and a piece of pajier moistened with PbA^ 
solution and held above it will he blackened (230). 

This test is evidently only of value for detecting a 
sulphate when it is known that sulphur is not present in 
any other form in the substance to be tested. It is also 
necessary that sulphur should not l)e introduced in the 
NajCOa or by the flame ; and since coal gas may contain 
sufficient sulphur to give the ab<3ve reaction with pure 
Na2C03, it is always advisable to employ the flame of a 
spirit lamp rather than that of a gas burner for this 
reaction. 

Hydrogen sulphate, or mdphnric acid ([\. SO ^, maybe 
detected by producing black, (•liarro<l stains on paper 
which has l)een dipped into it ami driixl by heat : it also 
has a strongly acid reaction to litmus, and evolves hy- 
drogen when it is warmed with Zn : thc^so pro|)orties are, 
however, shown by some metallic and acid sulphates. 



\ 
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GROUP II.— CARBONATE GROUP. 

The five following classes of salts give off charac- 
teristic gases when acted upon by HCl. 



Carbonates ( — "CO3). — Use Na^COj, or CaCog. 

229. HCl, HA, H2T, or almost any other acid, if 
poured' upon a carbonate in a test-tube, causes colorless, 
almost inodorous carbon dioxide gas (CO2) to escape 
with effervescence ; this gas is recognized by its property 
of turning lime or baryta water milky by the produc- 
tion in them of an insoluble carbonate. 

The test may be tried in several ways. 

1. The acid may be poured upon the carbonate in a 
test-tube : a glass rod which Ikis been dipped into some 
perfectly clear lime water and has a small drop adher- 
ing to its end is then introduced into the tast-tube, with- 
out touching the liquid or the iaside of the tube ; the 
drop will quickly become milky : the milkiness is best 
seen when the drop is held above a dead black sur- 
face. 

2. Since C02 gas is much heavier than air, it will re- 
main in the test-tube if the tube is held erect and its 
mouth is loosely closed with the thumb ; by gradually 
sloping the tube the heavy gas may then be poured 
into another test-tube containing lime water, without 
allowing any liquid to flow out; on closing this tube 
with the thumb and shaking the lime water up with the 
gas, the liquid will become milky. 

3. The acid may be poured upon the carbonate in a 
small beaker, which is immediately covered with a watch 
glass with its convex surface downwards and having a 
drop of clear lime water adhering to the middle : the 
drop will become milky. 

4. If the CO2 is given off in considerable quantity, it 
may be made to pass into some lime water contained in 
a separate tube ; this is effected by either of the forms 
of apparatus shown in Fig. 44, on the next page. 

13* 
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In testing for a carbonate the following precautions must be 
attended to : 
Since the milkiness produced in lime water by CO, gradually 

disappears when more CO, is al^orbed, if the 

Fig. 44. lime water does not become milky cU once, it 

must be constantly watched in order to avoid 

(j=Hj the risk of its becoming milky and clear again 

m m before bein^ seen. 

^ JL n Also, if the addition of the first few drops 

of acid does not cause an effervescence of 
CO,, more acid should be added, since many 
carbonates retain the first portions of CO, by 
forming acid carbonates, as is shown by the 
following equation : 
NajCOs + CO, + H,0 = 2NaHC0,. 
Hydric carbonateSy or bicarbonates, are decomposed by heat 
into normal carbonates with escape of CO, and H,0 : prove 
this by adding NaHCOj to boiling water in a test-tube, when 
effervescence will occur: 

2NaHCOs = Na,COs + CO, -h H,0. 
A solid substance which is being tested for a carbonate by 
HCl should be first moistened so as to drive out the air bubbles 
entangled in it, since these whilst escaping might be mistaken 
for a slight effervescence of CO,. 

A solution of a bicarbonate made in cold water ^ves no pre- 
cipitate with MgSO^ solution, but after being boiled the solu- 
tion will contain a normal carbonate and will precipitate white 
MgCO,. 

With HgCl- the solution of a bicarbonate yields Apale yellow 
precipitate, while solution of a normal carbonate yields a red 
precipitate. 

Hydrogen carbonate, or carbonic acid (lljCO^y can 
only exist in dilute nqueoiis solution ; addition of lime 
water to its solution causes milkiness ; but since other 
substances in solution behave in a similar way, the acid 
is best found by boiling the liquid and passing the CO, 
which is evolved with the steam into lime water ; the 
lime water bci»omes milky. 



Sulphides (_"S).— Use FeSor Am^S. 

230. fICl or Jf^S(\ when {xmrwl u|x>n a small frag- 
ment of FeS cjuiscs IIJS <ras to cs<'a|)(' with etfcrves- 
annx) : this jrju«< is detected by its fetid smell, rcsi'mbling 
that of rotten ejxjj^, aiul by its projMTty of l)lackening 
PbAj solution, owinj^ to the formation of PhS. The gas 
may he made to act U|H)n the PbAj solution by the 



\. 



231-236.] GROUP II.— SULPHIDES. 139 

methods given for CO2 (229, 1-4) ; or a small strip of 
filter paper, moistened with the solution, may be intro- 
duced into the gas on the end of a glass rod. 

This test is made much more delicate if the paper is 
moistened with a solution prepared by adding KHO to 
boiling PbA2 solution until the precipitate formed at first 
is redissolved : a test paper thus prepared becomes in- 
tensely blackened by H2S. The paper strip should be 
attached to the rod by only half its length, so as to ex- 
pose both sides of the free end to the gas. 

231. A solution of a sulphide if dropped upon a bright 
silver coin produces a black stain (Ag2S) ; this may be 
removed by rubbing the coin with moist lime. 

232. An insoluble sulphide such as FeS, which gives 
off H2S on the addition of HCl, produces a black stain 
when it is placed on a silver coin and moistened with a 
drop of HCL 

233. -P6^2 solution gives with soluble sulphides a 
black precipitate (PbS). The solution produced by 
adding KHO in excess to PbA2 solution is a more deli- 
cate reagent for this test. 

234. Free S and many sulphides, when strongly 
heated in a test-tube, give a sulphur sublimate of brown 
drops or yellow powder : and if heated in a tul)e, open 
at both ends and held obliquely in the flame, they give 
off SO2 gas, which may be recognized by its pungent 
smell and by turning paper moistened with K2Cr207 so- 
lution green. 

235. Reaction 306 for a cyanide may be employed 
as a very delicate test for a soluble sulphide. 

An insoluble sulphide, when fused in a covered por- 
celain crucible or in a closed hard glass tube with 
Na^COj, yields soluble Xa2S. 

A sulphide when fused with KNO3 or when heated 
with strong HNO3 yields a sulphate, which may be de- 
tected in solution by BaC^ (227). 

Hydrogen sulphide, or hi/dromUphuric acid (H28), in 
aqueous solution is easily recognized by 231 or 233 ; 
unless the solution is very dilute it emits HjS, which is 
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readily detected by its smell, or by suspending lead 
acetate paper over the liquid. 



Sulphites (—''SOa).— Use NajSO,. 

236. HCl or H2S0^ when poured upon NajSO, and 
warmed gives off SO2 gas, which is known by its pun- 
gent smell and by turning K2Cr207 solution green : a 
drop of the K2Cr207 solution hanging on the end of a 
glass rod may be exposed to the gas (229), or a small 
strip of filter paper may be wetted with the bichromate 
solution and then attached by half its length to the rod, 
the other half hanging freely in the gas. H2T solution 
does not evolve SO2 from a sulphite. 

237. BaCl^: white precipitate (BaSOj) : entirely sol- 
uble in HCl, unless Na2S04 is also present, when BaS04 
remains undissolved : on adding CI- or Br-water to the 
HCl solution, BaSO^ is formed and precipitated : — 

BaSOa + 2HC] = BaCl2 + H2SO3. 

BaCl2 + 112803 + H2O -h 2C1 = BaSO, + 4HC1. 

238. The addition of Na^^O^ solution to a mixture of 
HCl and Zn, which is giving off pure H, immediately 
causes an evolution of H2S : the H2S is detected by its 
smell, or by blackening a piece of filter paper moist- 
ened with solution of PbA2 or of PbO in excess of KHO 
(230). 

Hydrogen stdphite, or sulphurous add (H2SO3), can be 
detected in aqueous solution by adding a drop of 
K2Cr2()7 solution, which willatonce become green : strong 
aqueous solution slowly evolves S()2, which is detected 
by its smell ; dilute solutions also evolve SO2 when they 
are heated. 

Thiosui.ptiatks, or Hyposflphitf-s ( — ''SjOj). 
I ^s(» Na-jSjC ).^.5 1 12( ) solution. 

239. JJCl or IIi^O:^ ("ans(s no immediate change in the 
coZd solution, but the acidified liquid after standing for a 
few seconds deposits a precipitate of yellow S and then con- 
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tains H2SO3 ; hence SO2 may be recognized by its pun- 
gent smell when the liquid is heated, and may be 
detected in the solution by adding a few drops of red 
K2Cr207 solution, which changes color to green. 

240. — FcgCl^giyes a reddish violet color, which vanishes after 
a short time in the cold and immediately when heated ; the 
Fe,Cle solution at the same time loses its yellow color owing 
to the change of FeaClg into FeClj. 

240a. AgNO^; a white precipitate (Ag2S203), be- 
coming black after standing for a short time, or imme- 
diately when heated, owing to the formation of Ag2S : 

Ag2S303+ H20=Ag2S+H2SO,. 

The above precipitate ( Ag2S203) dissolves very readily 
in excess of the Na2S203 solution ; hence it is most easily 
obtained by dropping the latter into some AgNOs solu- 
tion. 

Hydrogen thiosvlphate, or thiosulphuric acid (H2S2O3), 
is extremely unstable, rapidly separating into S + H2SO3 
(239). 

Hypochlorites ( —'CIO).— Use CaCljO. 

Hypochlorites in the solid state or in strong solution give off 
a faint smell of CI. 

241. HCl, HSO^, H2O, or even CO2 sets free CI from 
a hypochlorite in the cold ; the gas may be recognized 
by its smell, its yellowish color, and by bleaching a 
piece of moistened litmus paper which is held for a 
short time in the tube ; if the CI is small in quantity 
and remains dissolved, a piece of litmus paper may be 
shaken up with the solution. 

Bleaching by the solution may occur even without the 
addition of acid, owing to the bleaching power of the 
hypochlorite itself or to the liberation of CI by the COg 
in the air; on the addition of any acid, however, the 
bleaching of the immersed paper is very rapid : 

CaCi20 + 2HC1 = 2(^1 -f CaClz + HjO. 

242. If a solution of a hypochlorite is added in large 
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quantity to PbAa solution, it gives a white precipitate 
which becomes red and then dark brown (Pb02) when 
the liquid is boiled for a short time. 

When a hypochlorite is heated with MnCk solution, 
it also gives a dark brown precipitate. 

Hydrogen hypochlorite, or hypochlorous acid (HCIO), 
is a yellow liquid with sweetish smell, and is very un- 
stable unless largely diluted; it bleaches litmus and 
evolves CI when it is warmed with HCl. 



Nitrites (— 'NO2).— Use KNO,. 

243. When a nitrite is warmed with dilute H^O^ 
it evolves reddish brown nitrous fumeSy which have a 
characteristic smell ; they are best seen by looking down 
the tube at a white surface. 

244. When cold FeS04 solution is added to the solu- 
tion of a nitrite it becomes brown; the color becomes 
much more intense on the addition of cold dilute 
H2SO4 ; it is due to a compound of NO with FeSO^, 
and is destroyed by boiling the liquid, when red fumes 
are given off (243). 

246. Drop a link starch powder into some water 
boiling in a porcelain dish, and l)oil for a short time; then 
cool the stanch solution and add to it a few drops of KI 
solution, then some solution of a nitrite and several drops 
of HA: an intense blue color will Ixi produced, owing 
to the combination of icxline, set free by the IINOj, 
with the starch; the test is l)est made in a white i)orce- 
lain dish, the liquid, which often appears black at first, 
being diluted, if necessary, until its blue color l)ecomes 
visible. This is a most dclicjite test if the liquid is 
quite cohl ; and it is of value if the color is not pro- 
duco<l until the II A is addinl. 

Jlydrof/cn ntfritrj or uifrotis arid (IIXOj), is ex- 
tremely unstable, <l(H'oinpusing nipidly into IIXO3, NO 
and H2O. 
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Detection of Acid Radicles in Group II. 

246.* The detection of these acid radicles when oc- 
curring singly prasents no difficulty; but most of the 
acids which are formed on the addition of HCl to the 
salts of this group react upon one another ; thus HCIO 
oxidizas HNO2, HgS and H2SO3; and H2SO3 oxidizes 
HgS. The analyst may often, by skillful use of the above 
reactions, detect these acid radicles when they are mixed ; 
but their detection in certain mixtures is a problem only 
soluble by careful consideration and not unfrequently 
insoluble. _ 

SO2 may be detected by K2Cr207 paper; HgS by PbA2 
paper ; CI by bleaching moist litmus paper ; N2O3 by 
its brown color. But CO2 can only be detected in the 
presence of much SO2 by passing the giuses through hot 
K2Cr207 solution, which absorbs SO2, CO2 passing on 
and being detected by lime water. 

It should be noted that while carbonates evolve CO2 
when acted upon by H2T, sulphites are-not decomposed 
by that acid. 
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GROUP III.— NITRATE GROUP. 

This group includes nitrates and chlorates: these salts 
resemble oile another in many respects, more particularly 
in the fact that none of them are perfectly insoluble in 
water; hence no method of precipitating them is known. 



Nitrates (— 'NO3).— Use KNO3. 

247. Add to some KNO3 solution, contained in a 
rather broad test-tube, about an equal bulk of strong 
H2SO4 ; cool the liquid in a stream of cold water from 
the tap ; then pour some strong cold FeSO^ solution in 
a gentle stream from a pipette down the inside of the 
tube, which is held in an inclined position : a distinct 
layer of the FeS04 solution may thus be formed on the 
surface of the acid liquid. A dark brovm film or ring, 
which sometimes extends upwards, will then appear 
where the liquids are in contact. 

The color is most easily seen by holding a piece of 
filter paper between the tube and a bright flame or 
window, and looking through the tube at the light. A 
mere yellovj color is often produced in the absence of a 
nitrate and may be disregarded. 

The test is made more delicate by letting the tube 
stand in a l)eakcr of cold water for a few minutes, since 
heat prevents or removes the brown coloration. If much 
nitric acid is present, the brown color extends upwards 
on mixing the acid and FeSO^ solution until the heat 
evolved by the dilution of the strong H2SO4 causes the 
NO to escape and to form brown fumes in the test-tube; 
the liquid at the same time loses its dark brown color 
(244). 

248. Put a few small scraps of C'u in some KNO3 
solution and add strong IIjSO,; brown nitrous fumes 
will appear either at oncv or on warming the tube: 
they are best seen, if small in quantity, by looking down 
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the tube at a white surface. The liquid at the same time 
becomes blue from the production in it of Cu(N03)2 : 

8HNO3 + 3Cu = 2NO + 3Cu(N03)2 + 4KjO. 

NO is itself a colorless gas, but it yields N2O3 and 
N2O4 by oxidation when mixed with air, and these are 
reddish brown. 

249. If some cold dilute indigo solution is poured 
into cold KNO3 solution until it is decidedly blue and 
then H2SO3 is added, the blue color remains unchanged : 
this reaction distinguishes a nitrate from a chlorate. 

260. If any solid nitrate is heated to redness with 
fusion mixture (Na2C03+ K2CO3) on platinum foil for 
several minutes, a soluble alkaline nitrite is formed ; if 
the foil after cooling is boiled in water, a portion of this 
solution may be proved to contain a nitrite by the test 
in paragraph 245 ; another portion acidified with HNO3 
will be found to give no precipitate with AgN03. 
Compare 254. 

A nitrate in solution may also be reduced to a nitrite 
by the action of nascent hydrogen. Add dilute H2SO4 
to some KNO3 solution; on the addition of freshly- 
made starch solution containing KI no color will be 
produced, but on dropping in a fragment of Zn the 
liquid will assume a deep blue color (245). 

251. Solid KNO3 when fused on charcoal in the 
blowpipe flame dejiagratcs, — that is to say, the surface 
of the charcoal burns away rapidly, like gunpowder. 

251a. Many metallic nitrates, when heated in a glass 
tube closed at one end, evolve reddish brown fumes with 
a characteristic smell (N2O4) and oxygen: PbN20g = 
Na04+ O + PbO. The NjO^ is recognized by its color 
and smell, and the O by inflaming a glowing splinter of 
wood. Lead nitrate may be used in trying this experi- 
ment. 

Hydrogen mtrnte^ or nitric acid (HXO3), hns a strongly 
acid reaction : it gives with FeSO^ solution a br(>wn ring 
14 
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(247), and with Cu brown fumes (248) and a blue solu- 
tion. When it is evaporated with quill clippings, it 
stains them bright yellow. 



Chlorates (—'CIO,).— Use KCIO3. 

252. If cold dilute indigo solution is gradually added 
to a cold solution of KCIO3 until the liquid is colored 
faintly but distinctly blue, and some H2SO3 is then 
poured in and the mixture is shaken, the blue color of 
the indigo is at once destroyed (249). 

263. Strong H^^O^ poured upon a little solid KCIO, 
becomes orange red in color, and evolves when shaken 
a bright yellow gas (ClgOJ : 

3KCIO3 + H2SO, = ClA + KCIO, + K2SO, + H,0. 

This gas has a smell somewhat resembling that of chlo- 
rine ; it explodes readily when gently heated ; hence on 
warming the mixture in the tube crackling sounds or 
small explosions will be produced. 

This experiment may be dangerous, unless very little 
KCIO3 is used and the mixture is heated gently with 
the mouth of the test-tube turned away from the person. 

264. A(jNO^ produces no precipitate wuth KCIO3 
solution which is free from KCl. But if some solid 
KClOs be heated in a test-tube, it fuses and gives off 
oxygen \\\i\\ effervescence ; this gits may be recognize<l 
by holding in the tube a slip of wood with a spark at 
its end ; the spark is cxiusod to burst into a flame. 

If the tube is then allowed to c<m)1 and the residue 
is dissolved by heating it with water, a portion of the 
solution will be found to give no reaction for a nitrite 
(245) : but another portion will give on addition of 
AgNOs a wliit<» prccipitalo (Air^l), which d(K)s not dis- 
solve in UNO;, cv(Mi on l)oilin«r, l>ut dissolves readily in 
Am 110 (257): this jt; cipitntc i-causcil by KCl formed 
from the chlorate : KC103= KCl + O3. 




266, 266.*] GROUP III.— CHLORATES. 147 

m 

A chlorate which does not yield a soluble chloride 
must be mixed with fusion mixture before it is heated. 

This reaction readily distinguishes a chlorate from a 
nitrate. 

255. If KCIO3 is heated on charcoal in the blowpipe 
flame, it causes the charcoal to deflagrate. 

Hydrogen chlorate, or chloric acid (HCIO3), is a col- 
orless, odorless liquid, which first reddens and then 
bleaches litmus paper ; on being kept for some time it 
changes into O, CI, HCIO4 and H2O ; the same change 
occurs rapidly when it is heated. 



Detection of a Nitrate and a Chlorate. 

256.'*' There is little difficulty in distinguishing a 
nitrate from a chlorate. 

When present together, they more or less interfere 
with one another's reactions; but in the absence, or after 
the removal, of chlorides and nitrites, they may be de- 
tected by heating the solid substance strongly for a 
short time, and then testing for a nitrite and a chloride 
(250, 254). 



148 GROUP IV.— CHLORIDES. [267-259. 



GEOUP IV.— CHLOEIDE GROUP. 

Chlorides, bromides and iodides closely resemble one 
another in their reactions; they are all precipitated by 
AgNOj from solutions to which HNO3 has been added 
in excess ; in this respect they differ from all salts ex- 
cept cyanides, ferrocyanides and ferricyanides, and these 
are easily distinguished by other means. 



Chlorides (_'C1).— Use NaCl. 

257. AgNO^y when added to the solution of a chlo- 
ride, gives a pure white precipitate (AgCl), which col- 
lects into curdy masses if the liquid is heated or shaken, 
and rapidly turns violet in sunlight, slowly darkening 
even in diffused daylight. 

Decant the water ; warm one portion of the precipi- 
tate with HNO3, it will not dissolve ; to another portion 
add AmHO, it will readily dissolve; AgCl is also solu- 
ble in KCy and in Na2S203 solutions. Decant the 
liquid and warm the precipitate with a little strong 
H2SO4, the acid will remain colorless and no colored 
vapor will be given off. 

268. Warm some solid NaCl with strong HjSO^; 
colorless HCl will be given off and may be recognized 
by fuming in the air, by reddening moistened blue lit- 
mus paper, and by making a drop of AgNOs solution 
acidifiecl with HNO3 milky (229, 1-4). 

259. Mix together intimately some finely-powdered 
NaCl and M11O2, then add strong HjSO^ and warm the 
mixture ; chlorine gas will be evolved : — 

2NaCl + MnO, + 3H^0, = 2C1 -f MnSO, + 2NaHS0,+ 2H,0. 

This gjis is recojrnizcd by its ]K)wer of bleaching a piece 
of moistened litmus paixT, which is iiitro<lucod into the 
tube on a glass rod. T he most delicate way of making 
this tcvst is to mix tho substances in a small l)eaker, cover 
this with a watch glass wliic^h teirs on its under sur- 
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face a piece of moist litmus paper, and then warm the 
mixture and let it stand for some time. Moist starch 
is not colored when held in the escaping gas. 

Many samples of commercial MnO, evolve CI when heated 
with H^04 ; hence, unless the MnO, has been specially pre- 
pared by precipitation, it must be carefully tested beiore it 
IS used for this reaction ; or the MnO- and H^SO^ may be first 
boiled together as long as any bleaching action is produced 
when moist litmus is held in the tube, then the substance to 
be tested is added and CI is again tested for while the mixture 
is being heated. 

260. If an intimate mixture is made of solid NaCl 
with three or four times as much KgCrgOy by rubbing 
the two substances together to a fine powder in a mor- 
tar, and this mixture is stirred with strong HjSO^ and 
heated in the tube or flask represented on page 138, red- 
dish brown vapor (CrOgClj) will be evolved : 

4NaCl + KfirjOj + eH^SO, = 2Cr02Cl2 + 4NaHSO, -|- 

2KHSO,+ 3H20. 

If the vapor escaping from the delivery-tube is 
passed into some water in a test-tube, the water will be- 
come reddish yellow in color, owing to the formation of 
HjCrO^: 

CrOgClj + 2H2O = HgCrO, + 2HC1. 

On adding excess of AmHO to this reddish yellow 
liquid the color changes to pale yellow, since AnigCrO^ 
is formed. On now adding excess of HA the original 
reddish yellow color is reproduced, and the presence in 
this liquid of HgCrO^, and therefore indirectly that of 
a chloride, may be shown by the formation of a yellow 
precipitate (PbCrOJ on the addition of PbAj solu- 
tion. 

The detection of a chloride by this method depends 
on the formation of H2Cr04 in the water in the test-tube 
from the vapor of CrOgClg : great care must therefore 
be taken that none of the mixture containing a chro- 
mate is allowed to get into the delivery-tube and thence 
into the water. 

Care must also be taken that the water is not sucked 
back into the hot strong H2SO4: this is prevented by 

14* 
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raising the delivery-tube out of the water as soon as the 
heating is stopped. 

Hydrogen cfilmide^ or hydrochloric add (HCl), is a 
colorless gas which fumes in the air and dissolves very 
readily in water ; both the ggs and its solution render 
milky some AgNOg solution which has been acidified 
with HNO3. When it is heated with MnOj the acid 
evolves chlorine gas. 



Bromides ( — 'Br). — Use KBr. 

261. AgNO^ when added to the solution of a bro- 
mide gives a yellowish white precipitate (AgBr), which 
is easily coagulated by heating or shaking the liquid ; 
it is insoluble in HNO3, easily soluble in KCy and in 
^Vi^.f).^ solutions, and slightly soluble in AmHO; it 
therefore resembles* AgCl, but is distinguished from it 
by its color. If the liquid is decanted and the precipi- 
tate is heated with strong H2SO4, no violet vapor will 
be evolved, as is the case with Agl. 

262. Solid KBr when heated with strong H^O^ 
gives off acid fumes (HBr) and reddish brovm vapor 
of Br ; this vapor somewhat resembles CI in smell and 
in bleaching power, but differs from it in color. Bro- 
mine vapor also has the power of staining cold moist 
starch orange red : the starch powder may be taken up 
on the wetted end of a glass rod, and moistened by 
breathing upon it several times. If MnO, is mixed 
with the KBr powder before adding H2SO4, the Br is 
evolved in greater quantity and more readily (259). 

263. Chlorine irater, or CaCljO solution acidified 
with IICI, if added carefully, drop by drop, to the solu- 
ticm of a bromide, liberates Hr, which colors the solution 
oran<»"e red; cxcm'ss of (1 must be carefully avoided, 
since it coml)ines with the l\v and destroys its color: 
KBr-f Cl = Br+KCl. 

On warming a part of this solution, reildish brown 
Br vapor is given off, which stains cold moist starch 
orange red (262). 
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GROUP v.— PHOSPHATE GROUP. 

Phosphates and arsenates resemble one another 
closely in many of their reactions ; they present pqints 
of difference, however, which render their distinction 
possible. 

Phosphates (—"TO,).— Use Na2HPO,.12H,0. 

276. MgSO^ solution, to which some AmCl has been 
added, and then a little AmHO, gives with the solution 
of a phosphate a white crystalline precipitate 
(MgAmP04.6H20) : this precipitate is almost insoluble 
in AmHO, but is easily soluble in acids. If very little 
phosphate is present, the precipitate ofteu appears only 
when the liquid has been gently wanned, then well 
stirred or shaken and allowed to stand for some time. 

276. jP62C?6_solution, if dropped in after the addition 
of a little HA and NaA solution, gives a yellowish 
white precipitate of Fe'^'PO, : the precipitation is has- 
tened by genUe heat. 

277. A drop of phosphate solution when added to a 
solution of AmHMoO, in HNO3 gives a yellow pre- 
cipitate : the formation of the precipitate is hastened by 
gently warming and stirring or shaking the liquid, but 
it often appears only after a time ; a part of it usually 
adheres firmly to the inside of the tube, and may be re- 
moved by KHO, NaHO, or AmHO solution, in which 
it is readily soluble; it is only slightly soluble in inor- 
ganic acids, and is practically insoluble in HNO3. 

This test if properly performed is most delicate, but careful 
attention must oe paid to the following precautions : 

The AmHMo04 solution must be prepared according to the 
directions given in 552, remark 40. 

The solution to be tested must not be alkaline to test paper; 
it is best made distinctly acid with HNO3 ; it is then to be 
added in small quantity only to some of the AraHMo04 solution 
in a test-tube, more being added if no yellow precipitate forms 
after a few minutes when the liquid has been gwtly warmed 
and stirred. 

.5 
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This last precaution is extremely important, since an excess of 
phosphate altogether prevents the formation of the precipitate. 

Show that this is the case by pouring a few drops of 
AmHMo04 solution into some Na,HP04 solution acidified with 
HNO3 ; no precipitate will form even on heating and shaking 
the liquid, since the phosphate is present in large quantity as 
compared with the AmHMo04 ; but on adding a few drops of 
this liquid to some fresh AmHMoO^ solution the precipitate 
will appear. 

It must also be remembered that HCl retards or prevents 
the formation of this precipitate ; a solution in nitric acid 
should therefore always be used when possible. 

278. AgNO^ : yellow precipitate (AgjPOJ : pour off a 
portion and show that the precipitate is soluble in 
AmHO and in HNO3. 

278a. A very delicate test for the presence of P in the form 
of a phosphate or otherwise, consists in strongly heating the dry, 
solia substiuice with a small piece of Na in a little tube of hard 
glass closed at one end : on breaking the tube and breathing 
upon the powdered substance a smell of onions (HjP) will be 
perceived. 

If a phosphate is made into a paste with strong H^04 and 
heated strongly at the tip of the inner blowpipe name, it gives 
a bluish green color to the flame. 

Many phosphates, when they are moistened with Co(NO,), 
and heated in the outer ])lowpipe flame, become blue. 

Hydrogen phofiphate, or phosphoric acid (H3PO4), is a 
colorless crystalline substance; its solution is strongly 
acid, but differs from HgSO^ by not charring paper 
which has been dipjxKl in it and dried by heat; its 
presence may be confirmed by reactions 275,277. 



Arsenates(— '"AsOJ.— Use Na2HAs04.12H20 so- 
lution. 

279. The precipitates formed in reactions 275, 276, 
277 with a phosphate are precisely similar in appear- 
ance and general properties to those formed when the 
s:une reagents arc addwl to an arsenate. The precipi- 
tate, however, whieh AgNO^ gives with an arsenate is 
brown J whilst that given by a phosphate is yclloir ; also 
AmlLMoO^ give^ a precipitate with an arsenate only on 
boiling the liipiid and not by gently heating it, as with a 
phasphate. 
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280. The following differences sei^ve to detect and sep- 
arate a phosphate and an arsenate : 

1. The fact that an arsenate yields a precipitate with 
AmHMo04 only when the liquid is boiled , whereas the 
corresponding precipitate with a phosphate is produced 
by a gentle heat, 

2. An arsenate solution which has been boiled with 
strong HCl gives, when HgS is passed into the hot liquid, 
first a white precipitate of S and then yellow AS2S3 ; a 
phosphate solution under the same circumstances gives no 
precipitate. 

3. In a petfecUy neutral solution AgNOg gives with 
an arsenate solution a broxon precipitate, and with a phos- 
phate a canaiy yellow precipitate. 

281. 3%€ drnplest method of ascertaining which of these 
two axnd radicles is present is to throw the precipitate, 
produced on addition of AmCl, AniHO and MgSO^, 
upon a filter, wash it with a little cold water and drop 
AgNOg upon it : if the precipitate consisted of MgAm- 
AsO^ it will become broian, if it was MgAmPO^ it will 
become canary yellow. 

Or the precipitate produced by the addition of AmCl, 
Am HO and MgSO^ may be examined for arsenate by 
dissolving a part of it in dilute HNO3, adding AgNOg 
as long as it Cimses any white precipitate and then very 
dilute AmHO gradually, drop by drop ; if arsenate is 

f)resent a brown precipitate will form just before the 
iquid becomes alkaline to test paper : a phosphate will 
give a yellow precipitate. Instead of mixing the dilute 
AmHO with the acid liquid it may be gently poured in 
upon the top of it, when the color will appear at the sur- 
face of contact. 



Detection of an Arsenate and a Phosphate. 

282.* AmCl, AmHO and MgSO^ are added tus long as 
any further precipitate is caused : a small portion of the 
precipitate is then filtered off and tested at once for an 
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arsenate by dropping AgNOg solution upon it. If the 
precipitate turns yellow, a phosphate alone is present. 
If the precipitate turns brown an arsenate is present and 
must be separated from the other part of the precipitate 
before testing for a phosphate. 

The rest of the precipitate is accordingly filtered off 
and dissolved in a little boiling strong HCl ; H23 is then 
passed for several minutes into this hot solution, when 
the presence of an arsenate is confirmed by the precipi- 
tation of white S and yellow As-jSg : the precipitate is fil- 
tered off and H2S is again passed into the boiling filtrate ; 
if any further precipitate is produced, the gas must be 
further passed until it no longer causes a precipitate ; the 
clear filtrate is then evaporated just to dryness, dissolved 
in a little dilute HNO3 and tested for a phosphate by 
adding a few drops of it to AmHMoO^ solution and 
gently warming the liquid (277). 

An arsenite may be tested for by acidifying the filtrate 
from the Mg precipitate and passing H2S into it : yel- 
low AS3S3 will be precipitated at once if an arsenite is 
present. 
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VI.— UNGROUPED ACID RADICLES. 

The following acid-radicles present no marked resem- 
blances to one another or to other acid ^radicles in their 
reactions; they are therefore usually detected by special 
tests. 



Borates (— 'BO^, or— "'BO3).— Use Na^BA.lOHgO. 

283. Powder some borax finely and stir it with a 
little dilute HCl on a watch glass ; immerse the lower 
half of a strip of turmeric paper in this liquid and dry 
it on a watch glass in the steam-oven or on a water- 
bath, or above a small flame: the part which was moist- 
ened will appear reddish brown, and will become bluish 
black when moistenal with AniHO. 

284. Pour methylated spirit upon some finely-pow- 
dered borax in a test-tube or porcelain dish, add a little 
strong H2SO4, then heat the mixture and kindle the 
spirit ; the flame will show a green edge, which is often 
best seen by blowing the flame out after it has burned 
for a time and then relighting it. This flame colora- 
tion is similar to that given by certain other substances; 
but its spectrum, consisting of three or four equidistant 
green lines, is quite chara<.*teristic. 

285. If a mixture of CaFj and KHSO4, with borax 
or boric acid, is finely powdered, moistened, and heated 
on a loop of platinum wire in the inner blowpipe flame, 
it colors the outer flame momentarily green after being 
heated for a short time. This test is not always deci- 
sive, since many phosphates and copper salts give a 
similar result; it is also liable to be masked by the 
flame colorations of other substances. 

Hydrogen borate, or boric acid (HBO2), is a white, 
porous mass; when combined with ^HjO, it forms a 
crystalline scaly hydrate ; these substances, when strongly 
heated^ yield a fusible glass consisting of B2O3. The 

15* 
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solution of the acid turus litmus paper wine red. Re- 
actions 283, 284, 285 serve to detect b'^ric acid._ The 
acid is soluble both in H^O and in akjohol ; on eva})o- 
rating these solutions, the acid partially escapes with 
the vapor of the liquid. 



Chromates ( — "Cr04).— U8eK,Cr,0,. 

All chromates arc more or less yellow or red in color. The 
yellow solution of a normal chromate becomes orange red on 
the addition of an acid, owing to the formation of a dichro- 
mate: while the reddish solution of a dichromate becomes 
pale yellow when made alkaline, owing to its conversion into 
a normal chromate. 

286. Various substances which readily combine with 
oxygen deoxidize acidified K2Cr207 solution with pro- 
duction of a chromic sidt, the color of the solution at 
the same time changing from orange red to bright green. 

Show this by adding HCl or H2SO4 to some KjCr207 
solution, and deoxidizing each of five portions by one 
of the following nu'tluKls : in every case the color of 
the liquid will change to bluish green : — 

a. Pa.ss H28 into the hot solution ; white S separates, 
owing to oxidation of the hydrogen. 

6. Add NallSOa or H2SO3 and warm. 

c. Add alcohol and boil : the smell of aldehyde will 

l)e noticed. 

d. Boil for some time, afler adding much strong HCl : 

CI gas will be slowly evolved. 

e. Add Zn and warm : the action of the nasoent H 

will l)e slow in this case. 

The following equations show the reactions which 
occur with II2S and with HCl : — 

K,Cr,(), + 3H28 + 8IIC1 = Cr,Cl, 4- 2KC1 + 7HjO+ S^ 
K^Cr/), + 14HC1 = Cr,(\ + 2KC1 4- TII^O + 3Clj. 

The cfjuations representing the other i)rocesses of de- 
oxidation may Ih^ dniwn out by the stuclent. 

The green solution resulting from the alK)ve reactions 
will give all the reactions for a chromic salt (102-104); 
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and since chromic acid is reduced by boiling HCl and 
by HjjS to chromic salt, the presence of a chromate will 
lead to the precipitation and detection of CrgHgOg in the 
ordinary course of analysis. 

286^. Hydrogen peroxide (HgOj), or barium peroxide 
(BaOj), if added to a cold acidified solution of a chro- 
mate, produces an intense blue coloration, which is very 
evanescent : it is far more permanent if ether is first 
added and the liquid is vigorously shaken immediately 
after the addition of the peroxide, when the ether as- 
sumes and retains a blue color ; addition of a few drops 
of strong HNO3 is useful. This reaction is extremely 
delicate and characteristic. 

287. AgNOv^ : purple red precipitate (AggCrO^) : 
soluble in AmHO and m HNO3. 

288. PbA^ : yeKowjprecipitate (PbCrO^) : soluble in 
KHO, insoluble in HA. 

289. -Ba C4.'__yellowish white precipitate (BaCrOJ : 
insoluble in HA, soluble in HCl. 

Hydrogen chromatey (yr chromic acid (H2Cr04?), is 
present in the reddish yellow liquid produced by dissolv- 
ing CrOs in water and by acidifying a solution of a 
chromate. Its solution evolves CI and becx)mes green if 
boiled with HCl ; when neutralized by an alkali it be- 
comes yellow and yields the above reactions for a chro- 
mate. 

Silicates ( — "SiOa). — Use NagSiOg solution, and 
finely-ground sand (SiOg) for a solid. 

290. HCZ added drop by drop to a solution of a 
silicate whilst stirring or shaking it, will give a gelati- 
nous precipitate of H4Si04, unless the solution is very 
dilute; the silicic acid, however, frequently remains in 
solution, hence the non-appearance of a precipitate is no 
proof of the absence of a silicate. 

The solution of silicate used for these reactions is made of 
such a strength that acids do not cause a precipitate in it ; but 
by boiling some of it down to a quarter of its volume before 
. adding the acid the precipitate is usually obtained. 
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291. If a silicate is present in small quantity, or in 
dilute solution, it may be detected by acidifying the so- 
lution with HCl, then evaporating it to dryness in a 
porcelain dish, and heating the residue to 100° as long 
as acid fumes come off: insoluble SiOj is thus produced, 
and will remain undissolved as a white powder when 
the dry residue is stirred and warmed with strong 
HCl. 

During the last part of the evaporation over a flame, after the 
silica has separated as a gelatinous mass, spurting will occur on* 
less the heat is lessened and the residue is stirred with a glass 
rod : this is best avoided by finishing the evaporation upon a 
water-bath as soon as the liquid thickens. The SiOj which is 
left undissolved by HCl, is seen on stirring the liquid and at 
once pouring it out into a glass vessel ; it is soluble in hot KHO 
solution. 

292. AmCly or Am^COs, causes a gelatinous precipi- 
tate of H^SiO^, which usually forms only after a time. 

293. If solid SiOg or a silicate is fused into a bead of 
NajCOj, it causes frothing, which is due to the evolution 
of CO2 :~Na2CX )3 + Si02 = CO^ 4- Na^SiOg. 

294. When Si02 is fused into a bead of NaAmHPO, 
it is not dissolved, but floats about in transparent par- 
ticles ; and it is visible jis little opaque masses in the 
cold bead. The particles of Si02are usually most 
easily visible whilst they are in motion in the fused 
bead. 

Certain silicates, if moistened with Co(NOs), and heated on 
charcoal in the outer blowpipe flame, become blue. 

Hydrogen sUiccite^ or sUlcic acid (H^SiO^), can exist 
in solution in water, and has a slightly acid reaction : it 
is ordinarily met with, however, as a colorless gelatinous 
substance which does not aflln't the color of litmus, and 
is insoluble in water, very slightly soluble in acids, but 
di&solves as an alkalinrsili<'jit(' in solutions of the alkalis 
or alkalino carlxMiairs. V.'lic;! >lron^ly hcatcHl it yields 
a white insoluble powder (SiO.,), which gives reactions 
293 and 294. 
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Fluorides ( — 'F). — Use finely-powdered CaFg. 

The ordinary tests for a fluoride depend upon the liberation 
of hydrofluoric acid, which is allowed to act upon a glass surface 
and to etch or corrode it. 

295. If strmig H^SO^ is warmed with a little findy- 
powdered CaFj in a test-tube it liberates HF ; this acid 
etches the glass and causes the sides of the tube to throw 
off the liQuid when it is shaken up, as a greasy surface 
throws oflr water. 

On washing away the cooled mixture and perfectly 
drying the inside of the tube, it will be found to be 
dimmed and roughened : gentle friction with a glass rod 
will often detect the rough surface even when it is not 
perceptible to the eye. 

The etching, if slight, is best seen when the surface 
is breathed upon, or when the glass is so held as to 
observe its surface by the light it reflects. 

296. The test is much more delicate if it is carried 
out as follows : 

A watch glass is carefully heated by holding it in* 
crucible tongs at some distance above a flame ; its convex 
surface is then rubbed with a piece of paraffin wax, and 
is thus covered with a melted layer ; this layer may be 
made uniform by once more heating the glass, allowing 
any excess of wax to drop off, and keeping the glass 
moving whilst it cools ; the coatiiig is finally hardened 
by immersion for a short time in cold water. 

Lines or characters are then traced on the glass to- 
wards its centre by gentle pressure with the point of a 
penknife, the object being simply to remove the wax 
from these parts and not to scratch the glass. 

The glass thus prepared is placed with its coated 
surface downwards as a cover to a platinum crucible or 
small leaden cup, which contains a little finely-powdered 
CaFj and some strong H2SO4. After pouring some cold 
water into the glass to keep it cool, the bottom of the 
vessel is heated by a very small flame, and the covered 
vessel is allowed to stand for about fifteen minutes. 
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The watch glass is then removed, and cleansed by 
holding it wim crucible tongs above the flame and 
quickly wiping off* the melted wax ; on the clean, bright 
surface thus obtamed the traced lines will usually be 
visible at once on holding the glass up to the light, but 
if mere traces of a fluoride were present, the tracing will 
become visible when the cold surface is breathed upon. 

297. The above methods do not serve for the detec- 
tion of a fluoride in the presence of a silicate or of silica, 
since under these circumstances the action of HjSO^ 
liberates SiF^ instead of HF. 

SiF^ possesses no power of etching glass, but it pro- 
duces white fumes in moist air, and when it is passed 
into dilute Am HO it yields a colorless flocculent pre- 
cipitate of H4Si04 and produces AmF in the solution : 
the formation of this precipitate is sufficient proof of the 
presence of a fluoride ; but after it has been Altered off^ 
the AmF may also be detected in the filtrate by adding 
CaClj, filtering off* the precipitate of CaFj and drying 
and examining it by 296. 

The above method is sometimes employed for the 
detection of a fluoride after intimately mixing SiO, with 
the substance to be tested. 

Use for this purpose a mixture of CaF, and SiO, and 
drop a small piece of marble into the tube in which the 
SiF4 is being evolved, in order to produce CO,, which 
will carry that gas over into the Am HO solution. The 
changes which occur are thus expressed by equations : 

2CaF2 + SiO^ + 2H2SO, = SiF, 4- 2H2O + 2CbSO,^ 
SiF^ + 4AmHO = H.SiO, + 4AmF. 

298. CaClz when added to the solution of a fluoride 
gives an almost transparent gelatinous precipitate (CaFj), 
which becomes more visible when the liquid is heated 
or when Am HO is added :_it is slightly soluble in HCl, 
but almost insoluble in HA. 

Solution of XaF may he prepared for this reaction by 
fusing a mixture of |M)W(lered CaFj and fusion mixture 
on platinum foil for several minutes ; then boiling the 
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cool mass on the foil in water, filtering, and acidifying 
the filtrate with HA. 

Hydrogen fluoride^ or hydrofluoric add (HF), is at 
ordinary temperatures a colorless gas which fumes in the 
air, etches a moist glass surface and dissolves easily in 
water. The solution of HF is acid in reaction and dif- 
fers from all other acids by dissolving Si02. 



FLUOSILICATES (— "SiFg).— Usc HaSiFg. 

299. BaCli : white precipitate (BaSiFg), which usu- 
ally appears only on gently warming the solution, and 
differs in this respect from BaSO^ : it differs from 
BaSe04 (493, 7) by being only slightly soluble in boiling 
HCl; it is insoluble in alcohol. Allow this precipitate 
to settle and reserve it for reaction 301 . 

The above precipitate somewhat resembles BaSO^ by being 
rather insoluble in HCl, but it differs in appearance by being more 
or less transparent and crystalline: but fluosilicates differ also 
fi-om sulphates by giving no precipitate with Sr(N03)2 or with 
Pb(Noj)j ; further, when neated with excess of AmHO they yield 
a flocculent precipitate of H^SiO^ and AmF in solution (297) ; 
fluosilicates differ also from sulphates by the following very dis- 
tinctive reactions : 

300. KCl solution when warmed with the solution of 
a fluosilicate gives a very transparent gelatinous precipi- 
tate (K2SiF6), which is only visible after it has been al- 
lowed to settle for a time ; it is insoluble in alcohol. 

301. If strong H2SO4 is added to HaSiFg solution or 
to a fluosilicate, and the mixture is heated, HF is given 
off and maybe detected by its etching action on glass 
(296\ 

Tnis reaction is especially useful for ascertaining 
whether a precipitate produced by BaCl2 consists of or 
contains BaSiFg. For this purpase the precipitate from 
299 is allowed to settle; almost all the water is then 
poured off, the remainder is shaken up with the precipi- 
tate and at once poured into a watch glass ; the rest of 
the water is then decanted, and the precipitate which 
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remains on the glass is warmed for some time with strong 
H2SO4 ; on washing and drying the glass, it will be 
found to be corroded (295). 

When the more delicate process (296) is employed, 
the precipitate should be shaken up with the liquid and 
poured oflP into a platinum crucible or leaden cup ; the 
liquid is then decanted, and the precipitate is warmed 
with strong H2SO4, as is described in 296. 

The processes of filtering off and dr}Mng the precipi- 
tate may be substituted for decantation, but they are 
less rapidly executed. 

Hydrogen fluosUicate, or hydrofluosUidc acid (HaSiFg), 
is a strongly acid liquid, which volatilizes entirely as 
2HF -f SiF4 when it is heated in a platinum vessel : if 
this acid is evaporated in a watch glass, the glass is 
etehed : it is precipitated by KCl and by BaClj (299, 300). 
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REACTIONS OF ORGANIC ACID RADICLES. 

The following acid radicles, although usually classed 
amongst organic compounds, are included here because 
they are of frequent occurrence and their detection is 
usually a matter of little difficulty. 



VII.— CYANIDE GROUP. 

The simple and complex cyanides contain a group of 
elements (ON) known as cyanogen. They yield precip- 
itates with AgNOg, and evolve HCN when they are 
heated with dilute H2SO4. Many of their salts also 
evolve NHj when they are heated in the solid state. 



Cyanides ( — 'C^). — Use KCy solution. 

The alkaline cyanides smell faintly of bitter almonds, owing 
to the escape of HCy. 

303. AgNO^: white precipitate (AgCy), most easily 
obtained by pouring a drop of the KCy solution into the 
AgNOj solution : snow with three separate portions that 
this precipitate is soluble in KCy solution added in ex- 
cess and in AmHO, but insoluble in dilute HNO3. 

If some of this precipitate is filtered off and well washed with 
hot water until HCl causes no milkiness with the last few drops 
of the washing water, then dried, scraped from the filter into a 

Sorcelain crucible and heated strongly, Ag is left : if this resi- 
ue when cool is warmed with a little dilute HNO3, it dissolves, 
giving off red fumes, and a drop of HCl added to this solution 
gives 'a curdy precipitate of AgCl. 

This reaction distinguishes AgCy from AgCl, AgBr and Agl, 
which, like it, are precipitated by AgNO, and are insoluble in 
HNOg, since these, when dried and strongly heated, fuse with- 
out undergoing decomposition ; hence HNOs cannot dissolve 
out Ag, and HCl added to the HNOj gives either no precipitate 
or a mere milkiness, due to the imperfect washing of the pre- 
cipitate. 

This method is somewhat tedious and need seldom be used, 
cyanides being readily detected by the following reactions: 

16 
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304. If some FeS04 solution is mixed with several 
drops of Fe2Clfl and added to a solution of a cyanide, and 
the liquid is then made strongly alkaline with KHO and 
boiled, jthen cooled and acidified with HCl, Prussian bltie 
(Fe'^^Cfys) is formed ; this will appear as a deep blue 
precipitate, or if the quantity of cyanide present was 
small, it may remain dissolved, giving a bluish green so- 
lution. 

If no cyanide had been present, the addition of HCl 
would have produced an almost colorless and perfectly 
clear liquid. 

305. If dilute H^04 is added to a cyanide contained 
in a test-tube fitted as is shown on page 138, and then a 
small piece of marble is dropped in and the liquid is 
boiled, HCy will be carried over by the C02gas : if the 
gas is allowed to bubble through some Am^ solution, 
AmCyS will therefore be formed. 

This substance gives with FcjCl^ a 6food red coloration 
(315), which may be obtained by boiling the Am23 solu- 
tion in a porcelain dish and acidifying it when cool with 
HCl ; on adding several drops of FcjClg the red color is 
well seen against the interior of the white dish ; this 
proves that HCy has passed into the AmjS, and there- 
fore detects the presence of a cyanide. 

A little of this red liquid should be added to some HgCl, so- 
lution ; if the red color is destroyed, it was certainly due to the 
presence of a sulphocyanide. 

On adding Hul to the Am^S in the above reaction, white S 
will separate, unless the yellow liquid has been previously 
boiled in a porcelain dish until it becomes colorless, filling in 
distilled water as it evaporates ; but this separation of S is ad- 
vantageous, since its whiteness helps to show up even a faint 
reddisJi tint in the liquid. 

The marble is added to cause evolution of CO, gas, and thus 
lessen the risk of the Am^ being sucked back during the reac- 
tion. 

306. The preceding test can often be more simply per- 
formed by boiling the solution of the cyanide in a jwrce- 
laindish with Am^, which must Ik* addeil until the yellow 
color remains after the liquid has l)een lK)iIe(l for a short 
time : if a dark-colored precipitate forms, this must be 
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allowed to settle or be filtered oflp before the color of the 
filtrate can be seen. The liquid is then filtered, if neces- 
sary, and acidified with HCl in the porcelain dish ; on 
adding FcjClg in small quantity a blood red color will 
be produced, which is not removed by heat or by the 
addition of a little dilute HCl ; it is at once destroyed, 
however, when a few drops of the liquid are added to 
some HgClg solution. 

Methods 304, 305, 306 are exceedingly delicate tests for a 
cyanide : 305 and 306, if less readily performed than 304, 
exceed it in delicacy. Method 306 is the more easy of the 
two to perform, and 305 is only used in cases where, after 
boiling with excess of AmjS, the filtrate is dark-colored and 
therefore the red coloration would be invisible. 

HgOy^ does not show the recLctwM for a cyanide by methods 
303, 304, 305 ; but by boiling with Am^S, according to method 
306, AmCJyS is obtained in the filtrate from the olack HgS 

erecipitate, and will give the red coloration with FejClg. Solid 
[gOy, when heated in a small tube closed at one end also gives 
off cyanogen gas, which burns with a peach-blossom colored 
flame. 

Hydrogen cyanide^ or hydrocyanic or Prussic acid 
(HCy), is a colorless, volatile, inflammable liquid, which 
smells like bitter almonds : it is highly poisonous when 
it is inhaled as vapor or swallowed as liquid : it readily 
mixes with water. The acid is easily detected by the 
tests already given for a cyanide. 

FERROCYANIDES (— ""i^eC^e).— Usc K.FeCye.SHgO. 

307. Fe^Clf,: dark blue precipitate of Pnissian blue 
(Fe^Cfya)* : insoluble in HCl, soluble in HgCgO^ to a 
dark blue liquid, and changed by KHO into brown 
Fe^Oe. 

The solubility in HgO and insolubilihr in HCl are 
shown by pouring off portions, heating them with HCl 
and HjO respectively, filtering and noting that the fil- 
trate is blue. 

308. FeSO,: light blue precipitate (Fe^K^Cfy), 
which becomes darker in color by oxidation on exposure 
to the air, or on addition of CI- or Br- water, or when 
warmed with HNO3 : it is insoluble in HCl. 

* See abbreviations on page 76. 
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309. CuSO^ .-a chocolate colored precipitate (Cu"2Cfy), 
insoluble in HA. 

310. AgNO^: white precipitate (Ag4Cfy), insoluble 
in HNOj and in AmHO: when heated with HNO3 
this precipitate changes to orange red Ag^Cfy,, whicli is 
soluble in AmHO. 



Ferricyanides l'-^\FeOy^)2']. —Use K^FeCy^)^ 

311. Fe-iCl^: dark green or brown coloration; no 
precipitate is formed, as may be seen by adding much 
water to the liquid. 

312. FeSO^: dark blue precipitate of TumbtUFa blue 
(Fe"sCfy2) : insoluble in acids : blue color destroyed by 
KHO. 

313. CaSO^ : yellowish precipitate. 

314. AgNO^: orange colored precipitate (Ag^Cfy,), 
insoluble in llNOg, soluble in AmHO. Frequently a 
white residue of Ag4Cfy is left on adding AmHO, 
showing that K4Cfy was present in the KgCfyj solution. 



Sui.PHOCYANiDES ( — 'CyS). — Use KCyS solution. 

315. Fcfil^: blood red coloration, but no precipitate : 
the color is weiikene<l but not destroyed by HCl, but 
disappears when the liquid is dropped into HgCl, 

solution. 

316. Ferro- and ferri -cyan ides can be found and distinguished 
by their first three testa, or by the precipitate given by AeNO, 
in the solution acidified with HNO, ; this precipitate will have 
a more or less decided orange red color if a ferricyanide is 
present ; on filtering or decantine:, and warming the precipitate 
with AmHO, white Ag^Cfy will be left if a ferrocyanide was 
present, and on acidifying the filtrate with lINOj orange red 
AgjCfy, will be reprecipitated. 
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VIIL— OXALATE GROUP. 

The acids and salts containing the three following 
acid radicles differ from the foregoing by being charred 
and emitting a smell of burning when heated in the 
solid state ; with oxalates, however, these effects are 
scarcely perceptible. 

If the salt contains K, Na, Ba, Sr or Ba, the residue 
left after ignition will contain a carbonate which will 
effervesce with an acid, whereas the original unignited 
substance would not do so. 



Oxalates (— "C2O,).— Use Am2C20,.2H20. 

317. Strong 112^0^ heated with a solid oxalate causes 
an effervescence due to the evolution of a mixture of 
CO and CO2 : 

Am,CA + 3H,S04= CO + CO, + 2AmHS04 + H^SO^.HA 

The CO is detected by burning with a blue flame when 
a light is applied, and the CO2 by rendering a drop of 
lime water on a glass rod milky. 

No blackening or charring is produced by strong 
H23O4 ; oxalates differ in this respect from other organic 
acids and their salts. 

318. CaClf or CaSO^ solution, or lime water, added 
to the solution of an oxalate, gives a white precipitate 
(Ca2C204), which is insoluble in AmHO and in HA, 
but soluble in HCl and in HNO3. 

318a. Filter off this precipitate and pour upon part 
of it on a watch glass dilute HCl, it will not effervesce ; 
dry the remainder, and heat it to full redness on plati- 
num foil, it is thus converted without blackening into 
CaCOs, which effervesces with dilute HCl. 

This is a general test for oxalate of K, Na, Ba, Sr or Ca, 
since each of these, when it is ignited, leaves a carbonate, 
which effervesces with an acid. 

16* 
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319. An oxalate in the solid state, or in strong so- 
lution, when heated with Mn02 and HjSO^ evolves COj : 

Am2C20,+ Mn02+ SH^SO* = 2CO2 + MnS04+ 

2AmHS04+2H20. 

Since commercial MdO, usuaUy contains some carbonate, it 
will give off CO2 when treated with £[,{804. If the MnO, is not 
known to be free from carbonate, it is best to add a little H^04 
to some of the MnOj in a test-tube, and heat to boiling ; if CO, 
is found in the tube by a glass rod with a drop of lime water on 
its end, continue to boil, occasionally sucking fresh air into the 
test-tube through a glass tube push^ down near to the surface 
of the UqvLid ; as soon as no CO, can be detected in the tube 
after boihng for a short time, the liquid being still distinctly 
acid, the Am2C204 is added and the mixture a^ain heated ; CO, 
will be rapidly given off and may bedetectea by the ordinary 
methods. 

Hydrogen oxalate, or oxalic acid (H2C204,2HjO), 
when heated in a glass tube closed at one end, partly sub- 
limes unaltered, and is partly decomposed, evolving vapor 
which causes coughing; it yields reactions 317 and 
318. The crystals dissolve readily in water to an acid 
poisonous liquid. 

Tartrates ( — ''C4H4O6). — For a neutral tartrate use 
KNaT, for an acid tartrate HgT or NaHT. 

320. A solid tartrate when heated strongly in a tube 
chars, giving off a smell of burnt sugar, 

321. A solid tartrate when heated with strong H^SO^ 
rapidly blackens, giving off a mixture of CO, COj and 
SO2. 

322. AgNOi produces in solution of a neutral tar- 
trate a white, curdy precipitate (Ag2T), soluble in AmHO 
and in HNO3. Allow some of this precipitate to settle 
in a test-tube, and pour off as much of the clear liquid 
as possible ; then pour very dihUe AmHO, drop by 
drop, into the tube, until the precipitate, after being 
shaken up with the licjiiid, is nearly, but net quiUy dis- 
solved ; then dip the tetit-tube into cold water in a 
beaker, which is slowly heated to about 60° ; a brilliant 
mirror-like film of Ag will be deposited u|K)n the interior 
of the tube. 



N. 
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If the liquid is quickly boiled, the Ag deposits as a 
dull black precipitate, which does not adhere to the 
glass and is not characteristic. 

323. CaCl2 precipitates fromjbhe solution of a neutral 
tartrate white or crystalline CaT, which often separates 
only after shaking the liquid well and letting it stand 
for a time ; it is soluble in acids, and its formation is 
retarded by the presence of AmCl and other Am salts. 
This precipitate when freshly formed is completely solu- 
ble in strong cold KHO solution, ifthis is free from 
K2CO3 : on boiling the solution the CaT is reprecipitated, 
but it dissolves again more or less completely when the 
liquid is cold. 

Decant the clear liquid and pour upon the precipitate 
a little very dilute AmHO ; then drop in a small crystal 
of AgNOa and warm carefully, as in 322. A silver 
mirror will form on the part of the glass on which the 
AgNOa crystal rests. 

324. KCl or, better, KA, if added to the solution of 
an acid tartrate, gives a white crystalline precipitate 
(KHT), which forms slowly unless the liquid is vigor- 
ously eiirred or shaken. If HA is added at the same time, 
the precipitate may also be obtained with neutral tar- 
trates. Theprecipitete is soluble in alkalis and in mineral 
acids, but is almost insoluble in alcohol ; hence alcohol 
is often added to hasten the precipitation. 

325. If a few drops of FcgClg solution are added to 
the solution of a tartrate, which is then made strongly 
alkaline by addition of KHO or AmHO, no precipitate 
will appear. 

The precipitation by alkalis of several other metals, 
such as Al, Mn, Cu, is similarly prevented by the pres- 
ence of a tartrate : this is owing to the formation of a 
double tartrate, which is not decomposed by the alkali. 

Hydrogen tartrate, or tartaric aeid (KjT), occurs in 
colorless crystals which do not alter in the air : they taste 
pleasantly acid, and are soluble in water and in alcohol ; 
they are detected by heating them alone or with strong 
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HjS04 (320, 321) : if dissolved and neutralized, they also 
yield the reactions in 322, 323. 



Acetates (— 'C^HA)— Use Na5.3H20. 

326. A solid acetate if strongly heated blackens and 
evolves the vapor of acetone, which possesses a peculiar 
smell and burns with a bright flame when kindled. 

327. An acetate, _when heated with strong HjS04, 
evolves vapor of HA, which in large quantity is very 
pungent, but in smaller quantity smells like vin^ar. If 
the acetate is first mixed with alcohol, then with strong 
H^04, and the mixture is warmed, a fragrant smell of 
ethyl acetate (EtA) is emitted ; this vapor is most strongly 
smelt when the liquid is shaken afler it has cooled for a 
short time. 

328. Fe^Cl^ added in small quantity to the solution 
of an acetate causes a deep red coloration : if this red 
solution is made neutral but not alkaline with AmHO 
and then boiled, all the Fe is precipitated from it as light 
brown basic acetate and the liquid becomes colorless. 
The red color of the solution before being boiled is 
changed to yellow by the addition of a few drops of dilute 
HCl, and is in this way distinguished from the colora- 
tion due to sulphocyanide (315.) 

Hydrogen aodatey or dcetic cund (HA), is known as 
gldcial acetic acid; at temperatures below 17° C. it is 
a colorless crystalline substance, which readily melts and 
emits when heated a very pungent and inflammable 
vapor: it is strongly acid, and is completely volatile 
without decomposition. Acetic acid dissolves in water 
readily, imparting its peculiar smell to the liquid in a 
degree depending upon its dilution. 



The reactions for certain other organic acid radicles are 
given at the end of the Sixth Section of this book. 




SECTION Y. 

ANALYSIS OF SIMPLE SUBSTANCES, CONTAIN- 
ING ONE METAL AND ONE ACID RADICLE. 



This section may be neglected by a student who is learning 
the full analytical course. 

Two metals may occasionally be present, as when an alum 
or tartar-emetic [K(8bO)T] is given for analysis; also there 
may be two acid radicles in the liquids given for analysis, since 
a salt which is insoluble in water is occasionally dissolved in 
an acid : but the student should always be informed of this if 
it in any way complicates the analysis. It will not usually do 
so, since in the most commonly occurring case, that of a phos- 
phate dissolved in HCl, the PO4 is detected in Group III., and 
accordingly no other acid radicle is looked for. 

Examples of substances for analysis are given in paragraph 
559. 

The numbers in brackets refer to the paragraphs in the text, 
in which tests or processes to be employed by the student are 
folly described. 



Introductory Remarks. 



330. Before proceeding to detect the metal or acid 
radicle in the solution of a simple substance by syste- 
matic analysis, it is best to make a few preliminary 
experiments (333-338a), which will generally give some 
idea as to what substance is present, and will occasion- 
ally detect with certainty the metal or acid radicle, or 
both of them. 

Even if the composition of the substance has been 
proved by this preliminary examination, it is usually 
best to proceed to the next process, which consists in 
endeavoring to dissolve the substance in water or acids, 
(332), if it is not already in the liquid form : the addi- 
tion to this solution of group reagents in appropriate 
succession will then determine the analytical group to 
which the metal present belongs (339). 

177 
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TABLE OF ANALYTICAL 



Tahk shotoing the Analytical 



Note.— li will be 
observed that there 
are two diTisioiu of 
Groups II. and' III. 
In analyaifl it is tuoal 
to separate the two 
divisions of Group II. 
from one another, 
after having sepa- 
rated the whole group 
from the remaining 
groups ; the two divi- 
sions of Group III. 
are by some analysts 
precipitated together 
and subsequently sep- 
arated ; they are, 
however, often pre- 
cipitated separately, 
and treated as dis- 
tinct groups. 



Metals whose chlorides 
are insoluble in water 
and dilute acids, and 
which are therefore 
precipitated from their 
solutions by hydro- 
chloric acid. 



Oboup I. 

HifdroehUnie Add^ or 

Bikfor Gftny. 



[Lead . 
Silver . 
Mercurueum 



Pb] 
Ag 
Ug' 



Metals whose sulphides are insoluble in 
dilute acids, and which are therefore 
precipitated from acid solutions by 
sulphuretted hydrogen. 



Oboup IL 
StJphuroUed Hydrogen (Trtwp. 



f Group II.a. 
\ Oomaer Grontp. 
SulphJdes insoluble 
in NaUO and in 
Am^ 



f Oboup ILb. 
{Artnie Groitp, 
Sulphides soluble 

InNaHOandin 

Am^. 



Mercuricum Hg" Tin 
[Lead . . Pb] Arsenic 
Bismuth 



Copper 
Cadmium 
2. 



Bi 
Cu 
Cd 



Antimony 



Sn 
As 

8b 



la the preceding table the metals are classified in 
their analytical groups, each group being headed by its 
distinctive nuinlKT and name, and by the name of the 
group reagent which servos to precipitate its members 
and to separate them from those of the succeeding 
grouj)s. 

After disciovering to which of the above analjrtical 
grouj)s the metal present belongs, it is identified by the 
pro{)erties or apj)earance of the group precipitate ; then 
its preseiu« is confirmed, if na^essary, by special tests 
made on the pre(;i|)itat-e or on another j)ortion of the 
original hoIiUioji* (344-348). 

The acid radicle, if it has not been already detected 
during the examination for the metal, is tested for in a 
less systematic manner. A few preliminary experi- 
ments are first j)erformed (335-338a) ; and if these do 
not detect the acid radicle, it is found partly by a sys- 
tematic examinaticm, which includes that described 
al)ove for the detection of the metal, but more com- 
monly by special tests (349-356). 

* By the original solution is iiiratit the solution of the substance, 
or the substance itself, if a liquid ia under analysis, to which no re- 
agent liHs been added. 
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CtaasificcUion of the Metah. 



Metals which are precipitated as hydrates 
from their solutions containing ammo- 
nium rhloride when made alkaUne with 
anmioiiia, or rm rtiilphides or hydrates 
when aiiiiuoiiium Mulphide or sulphu- 
retted hydrogen id sulMoquently added. 



Oboup III. 

Ammonia and Ammonium 

Sulphide Group. 



{ 



Group II I. a. 

Ammoni*t or Iron 

Group. 



Group III.b. 
Ammonium Sul- 
phide or Zinc 
Group, 



Aluminium . Al 
i Iron Fe 

Chromium . Cr 



Zinc . Zn 

Manganese . Bin 

Nickel . . Ni 

Cobalt . . Co 

6. 



Metals whose carbo- 
nates are precipitated 
by addition of ammo- 
nium carbouato in 
the presence of am- 
monium chloride. 



Metals whose solutions 
are not precipitated 
by any of the fore- 
going group-reagents 
in the presence of 
ammonium chloride. 



Group IV. 

Ammonium OarbonaU 

or Barium Group. 



Barium 

Strontium 

Calcium 



Ba 

Sr 
Ca 



6. 



Group V. 
PoUtMiium Group. 



Ammonium 
Potassium 
Sodium . 
Magnesium 



NH4 

K 

Na 

Mg 



A substance which is insoluble in water and in acid 
18 examined according to the special directions in 367- 
370. 

Since in these analyses only one metal and one acid 
radicle arc to be looked for, the examination for the 
metal is carried no further when one metal has been 
detected with certainty, and the examination for the 
acid radicle is similarly at an end when the presence of 
one such radicle has been satisfactorily proved. It must, 
however, be understood that substances given for analy- 
sis are liable to contain impurities, which will yield only 
slight indications; if in the course of analysis, therefore, 
only a slu/kt result is obtained, proceed until some sub- 
stance is detected in larger quantity, entering against the 
slight result. Trace of . 

The separation and washing of a precipitate by decan- 
lotion (30, 31) is recommended whenever it is possible. 

In making the analysis, each result must be fully 
entered in the note-book as soon as the expenment has 
been perfonned, the form of entry being the same as that 
adopted for the directions in the text. 
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DIRECTIONS FOR THE ANALYSIS OF A 
SIMPLE SUBSTANCE. 

The substance given for analysis may be either a solid 
or a liquid. If it is a solid, examine it by 331 ei seq., 
omitting 334 ; if a liquid is to be analyzed, begin at 334. 



THE SUBSTANCE IS A SOLID. 

331. Make a careful examination of the properties of 
the substance. 

Note its color. The following are some of the most 
commonly occurring colored substances : 

Blue : hydrated cupric salts, anhydrouA cobalt salts. 

Yellow : normal chromates. 

Broionish yellow : ferric salts, PbO, 

Orange red: certjiin dichromates. 

Bed : HgO, Hgl,, HgS, IVX- 

Oreen : Cr^Og, OuClj, salts of Ni and Cr. Pale green : ferrous 
salt. 

Pink: hydrated cobalt salts. Pale pink: manganous salts. 

Dark brown : PbOj. 

Black: Sb^3, CuO, MnO,, FeS. 

WTiite: anhydrous salts of Cu and PV'', and many other 
powdered substances. 

Also try its smell, and observe whether it is in pow- 
der, crystols or non-crystalline pieces; cart»fully write 
down any appearance or property which may strike you 
on examining the substance with the nakcil eye or with 
the assistance of a lens. 

After noting down the results of this examination 
the substance is to be j)owdered as finely as [possible. 

If the substance |)ossesses metallic lustre or ap|x»ar- 
anoe, work as is directed under 306: if it is not metallic 
in apjHjarance, proceed to asi'crtain its solubility by the 
directions contained in 332, and, a(x^rding to the result 
thus obtained, conduct the further analysis of the sub- 
stance by 333 or by 367. 
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Solubility op the Substance. 

332. Since the method of examination of a solid 
substance depends upon whether it is soluble or insolu- 
ble in water or acids, the following experiments are 
tried. 

Place a small quantity of the finely-powdered sub- 
stance in a broad test-tube or boiling-tube ; fill tiie tube 
about one-third with water, and heat to boiling : 



1. 9V tubttanee 
diiaolvM. 

After examining 
» portion of the 
solid lubatance 
by the prelimi- 
nary tests (333 
and 335-338a) 
proceed to ex- 
amine the color 
and reaction of 
the liquid to 
litmus by 334, 
I., II., and re- 
fer to 339 for 
directions for 
analysis. 



The $ub8tanc« doe$ not diMolve: heat a fresh portion with dilute IICl to 
builiug ; if it does not dissolve, decant and boil the roHiduo with strooK 
HCI :— 



2. 2Tm mbUoMce 
diatolve*. 

Ahaenc« of Group 
/., except pos- 
sibly Pb. 

After examining 
a portion of the 
solid substance 
by the prelimi- 
nary tt»8t8 (333 
and 335-3:180) 
note the color 
of the Hd solu- 
tion (334, I.), 
and proceed to 
examine it for 
the metal by 
339. 



I%e ntbBtance doe» not disnolve : put aside the test-tube 
containing the 8ubetance with HCI, and stir a fresh 
portion of the substance with a little dilute IINO3; 
if it is nol dissolved, boil. If dilute HNO3 does nut 
dissolve it, heat with a little strong HNO3 :— 



3. 3%« tMbttance 
di»»>lve$. 

After examining 
a portion of the 
solid substance 
by the prelimi- 
nary tests {iV,i:i 
and 335-^38a) 
note the color 
of the solution 
in HNO3 (334. 
I.) and examine 
it for the metal 
by 339. 

Note. — Before test- 
ing for Group 
II., add strong 
HCI and boil 
down consider- 
ably.* 



Hie eubstance doea not dmolve : mix 
together the contents of the two 
tubes in which the substance was 
heated with UCl and with HNG^ 
and heat the mixture : — 



4. 7%e wbstance 
di$»olve$. 

After examining 
a portion of the 
solid substance 
by the prelimi- 
nary tosts (333 
and :«5-3:i8a) 
examine the so- 
lution in HNO, 
and H(J1 mixed 
for the metal 
by 339. See 
Note, column 3. 



5. T%e subfttmce 
doe$ not distolve. 

Examine a fresh 
portion of the 
sulwtance by 
3G7 ei »eq.. 



* This method of proceeding remoTes HKOai which would cause with H^S a depodt of 8. 

17 
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Preliminary Examination op a Soluble Solid. 

333. The Table is thus arranged : in the first col- 
umn is placed the experiment to be made ; in the second 
a list of the results, any one or more of which may be 
observed ; and in the third the inferences to be drawn 
from the results. Confirmatory or supplementary ex- 
periments are occasionally entered ; they are, however, 
only to be tried when the result preceding them in the 
second column has been noticed. 

A more complete preliminary examination will be 
found in 387-405. 



Experiment 



I. Heat a portion of 
the tubetance in an 
ignition tube, or in 
a small dry test- 
tube, first gentlv 
and at last to red* 
neos. 



Observation. 



Oc^ftrmatory. — Boil 
another portion of 
the substance with 
KIIO solution. 

0(n\Hrmatorjf. — Mix 
another portion of 
the substance with 
about three times 
as much powdered 
Na,CX)8 and KCy ; 
dry and heat in an 
ignition tube. 



I. The substance does not change 



II. The substance changes : — 

1. Drops of water condense in the top of the 

tube. 

2. The substance fuses easily 



3. The substance sublimes 



Inference. 



A 8meII of NII3 is erolved and white fumes 
appear when a rod niointened with > 
strong HVl is held to the mouth of the ! 
tulto. 

A grey sublimate of minute metallic glob- 
ules, best seen by a lens. 



A black mirror-like sublimate 



4. The HulMtance l>lackenii, and gives off COj, 
which makes a drop of lime water on a 
glass rod milky. 



The cool rcsiduo in tho tutw» effnTviwow 
with IK 'I, whcreait the original 8ul«tanc«* 
did not. 

(fimtinnetl on n«xt p<»g*). 



Absence of Tolatila, 
fusible and organic 
substances, and of 
water. 



Presence of UsO. 

Probable presence of 
a salt of Na or K, or 
of Ba, Sr, Ca, Mg. 

Presence of a salt of 
NH^ As, or Ug: 
possibly also of 
H,(V>4, of S (yel- 
low), and of I (pur- 
ple vapor). 

l*rveence of NII4. 
('onflmi by Nailt 
(53), and proce«Mi 
to 335. 

Prwence of Ug. Pour 
AmllO upon the 
original substance ; 
if it l>lackens, Ug" 
is present as a mer- 
curoM compound. 

Presence" of As. 

lYesence of an or- 
ganic acid radicle, 

pmlMihly A, i) or f : 
the liist is known 
liy a smell of burnt 
sufcar. 
Tho or^r^nic arid 
nuliclc is united 
with K, Na, Ba, 
Sr, fa, or Mg. 



888.] 



OF A SIMPLE SOLUBLE SOLID. 



183 



Experiment 



II. Dip into the pow- 
dereu subetance a 
moistened loop of 
platinum wire, and 
hold the loop in 
the Bunscn flame ; 
moisten with Btronf; 
HCl, and again hold 
in the flame. 



Obeerration. 



5. Gaa or r^por is giren off : smell the ra- 
por: — 

Red nitrous fhmee, recognized bj their 

smell. 
SOjh known by its smell and by turning 

£f GrjOy solution green. 



CI, Br, I, known by smell and color : Br 
and I by action on starch paste, and CI by 
bleaching moist litmus. 

A slip of wood with a spark at its end, 
glows brightly or bursts into flame. 



The gas can be lighted and bums at the 
mouth of the tube ; note the color of the 
flame : — 

Pals areenuh jfelloto : the gas bums explo- 
sively, and nitrous fumes are seen. 

Bright white, the unbumt gas smells of 
garlic. 

P$aeh-blo»$om colored flame, grey sublimate 
of Hg. 



6. The substance changes color : — 



Fo/Ioto, hot, 

Yellow brown, " 
bark red OT^ ,i 
hrovon, j 



WhiU, 
YdUtw, 

Bed-hroum, 



cold. 



I. The flame is not colored . 



II. The flame is colored : — 
Intense yellow* 



Pale liUic,* appearing crwuon red through ) 
the indigo prism . . . . j 



Bed 



Green 



Blue 



Appearing green through the) 
indigo prism . . . i 

Appearing intense red through 1 
the indigo prism . j 

Yellowish green .... 
Bright green, with blue centre) 
after moistening with HCl. j 
Bright green .... 



(Pale blue, livid 
\Vuridblue . 



Inference. 



From nitrate of a 
heavy metal. 

From combustion of 
Aree S or a sulphide ; 
possibly also from a 
sulphate, sulphite, 
or thoioeulphate. 

From certain chlo- 
rides, bromides, or 
iodides, also free I. 

fh>m chlorate or ni- 
trate, or NfO flrom 
decomposition of 
NH4NQJ. 



Presence of NH«, fh>m 
strongly heated 

NH4NO8. 

Presence of PH«| prob- 
ably fh>m a hypo- 
phosphite. 

I^-esence of Cy, from 
GgCy,. 



ZnO 

PbO, SnO| or Bi^ 

Fe^ 



Probable absence of 
the substances enu- 
merated below. 



Presence of Na. 



n 



II 



»i 



II 



K. 

Ca. 
8r. 

Ba. 
Cu. 



Presence of As, Sb, Pb. 
I. CuCl,. 



J 



* If the coloration for Na or K is intense, no fhrther examinatjon for the metal is necessary, 
but the presence of K should be confirmed by stirring with NaHT(48). Proceed to 335. If the 
cdoration is slight, a trace only of the metal is present, and the examination for another metal 
is continued. 
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Sxperiment. 



III. Heat a portion of 
the eubstance, in a 
carity scooped on 
charcoal, in the 
blowpipe flame. 

Oovfirmalory. — Detach 
a small portion of 
the white mass, place 
it on red litmos pa- 
per and moisten it 
with a drop of 
water. 

Oonfirmaiary. — If the 
moist residue is not 
alkaline to test pa- 
per, moisten the re- 
mainder on the char- 
coal with Go(N03)s 
flolotion and heat 
again strongly in the 
blowpipe flaiue. 



IT. Fuse a small 
quantity * of the 
substance into a 
clear, colorless bo- 
rax bead first in the 
inner then in tlio 
outer flame, noting 
In both casori tlie 
color of tlio bead 
whilst hot and when 
cold. 



Oomfirmaiory. — The 
presence of Cr or Mn 
mar be confirmed by 
fusing a portion of 
the substance on 
platinum foil or wire 
with NasCO, and 



Observation. 



1. The charcoal "deflagrates," or bums rap- 

idly. 

2. A white mass is left on the charcoal which 
does not fuse, and shines brightly when 
strongly heated. 

The red paper becomes blue in a short time 
where the substance retti. 



Inferonoe. 



A hl^e residue . 

A pktk residue . 
A green residue 



3. The residue is not white and does not con- 
sist of globules of metal, neither is there 
any iucriuitution formed upon the cliarcoal ; 
proceed t« Kxp. IV. 

4. The residue contains metallic globules or 
an incnistation forms on the charcoal ; pro- 
ceed to Exp. v., omitting Exp. IV. 



I. The I)oad is colorless when heated in 
flames both. 



II. The bead is colored 

In outer flame. f 
Grten, hot ; blue^ cold. 
B/n«, hut and cold. 
Brown or <Hngy'\ 

purjile^ hot ; lujht y \ 

i>ro»m, cold. 
hrotm, hot ; y«Uotr, 

ct)ld. 
Orem^f hot and coh 

/^rp/r, hot and cold, 



In inner flame. 
Red or citlorles$ 
lilnry hot and culd 

hot) 



(trey or I4ack^ 
and cold 



Bifttle [/reeu, hot and ) 

cold . j 

(f'rf*eN, hot and cold 

(\>lorlfM*^ hot and) 

colli J 



.\ yellow 



on cix)liug 



A Huith gremt mass on cooling 



Presence of a nitrate 

or chlorate. 
Presence of Ba, Sr, 

Ga, Mg, Al, or Zn. 

Presence of Ba, Sr. 
Ca, or possibly uf 
Mg. 



Presence of Al, or 
possibly of a phue 
i^ate. silicate, or 
borate. 

Presence of Mg. 



» 



Zn. 



Absence of the metals 
below. 



Pretence of Cu. 
Co. 

Ni. 






Fe.t 

Ct. 

Mn. 

Cr. 
Mn. 



• It is necessary to adjust corefnlly th«» «|uantlty i)f nul^tanro ftiwvl into thf brad; If too 
much is used, the liead will oft(>n up|M'ar i>])iii|ii«* ; if tiN) littli> it* Piiiplnyrd, ono of the nu'tnls 
may escape dct<Ttion. It \» Ixfit at ttnit to fu*«o only u iiiinuti' quantity into the bead, adding 
more if no color, or but a faint color, i» pnKiintHl. 

f (*r if present as a chn>niate gives a Imid hnnrn whiltit hot, after having lM*^n fiuuHl in the 
outer I>low])ipe flame ; but thin brown color is not rcpriMluriMl in the rase <if Cr when the bead, 
after becoming green by being heated in the inner lluinv, ia again heated in the outer flame. 
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Experiment 



V. Uix the substance 
in a small carity on 
wood charcoal with 
Na.CO, and KCy, 
and heat strongly in 
the inner blowpipe 
flame fur several 
minutes. 



If metallic globules 
are obtained, detach 
one and strike it 
sharply on tlie lM)t- 
torn of an inverted 
mortar with the {tes- 
tle, and note whether 
it is crushed to pow- 
der {brittle) or merely 
flattened out into a 
cake {viafleabU). 

If the globules are 
white and malleable, 
take one upon the 
point of a penknife 
and see if it will 
mark paper as a 
black-lead pencil 
does. 



Observation. 



Metallic scales or globules are obtained, or an 
incrustation forms on the charcoal : — 



OlolmJet. 
White and brittte. 
WTiUe and brittle. 
Red and mo/ieo&Ie. 
While and maJleable^ 

marking luiper 

easily 
White and maUeablet 

not marking paper 

and readily fusible. 
Whiie and malleable^ 

not marking pi^wr, 

fusible only with 

difficulty. 



None 



None 
None 



Incrustation. 
White 
TelUnc . 
None 

TeOow . 



None 



None 

YeOoto whilst hot, 
trhite when cold ; 
becomes green 
when moistened 
with Co(N03)s 
solution and re- 
heated in the 
outer flame. 
Brovpn 
White; on smelling' 

the charcoal a 

smell of onions is 

perceived. 



Inference. 



Presence of Sb. 
Bi. 
Cu. 






ft 



It 



Pb. 



Sn. 



Ag. 



•> 



Zn. 

Cd. 
As. 



After the corapletion of the preliminary tests for the metal, a 
solution of the substance is made according to the directions in 
332, and this solution is examined as is there directed. 



17^ 
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334. Preliminary Examination of a Liquid. 



Experiment. 



I. Note the 
the liquid. 



color of 



Note.— If the color 
has to be observed by 
night, it should be ex- 
amined by the white* 
light obtained by 
burning a piece of 
magnesium ribbon. 
DeUcate tints are best 
seen by looking 
through some thick- 
ness of the liquid at a 
sheet of perfectly 
white paper. 



II. Dip pieces of red 
and blue litmus na- 
per into the liquid. 



Ohsenration. 



I. The liquid is colored : — 
( Very delicate 



JHnk 



Green • 



Intense 
Very delicate 



Yetl'iwi 



Intense 
' Reddish yellow 



(Light yellow 



DlMe 

Violet or purple 



II. The liquid is colorlc 



R u neutral 

(Not affecting the color of either paper.) 



Inference. 



Riaaeia 

(Turning blue paper red.) 
If, on adding Na^COs to a part of the solu 
tioo and warming, no effenreerence occurs, 
free acid and acid salt are absent. 



»» 



Presence of Mn or di- 
lute Co solution. 
Presence of Co. 
„ Fe'', or Ni or CY 
in dilute solu- 
tion. 
„ Ni, Cr, or Cu. 
Fe'" or a bichro- 
mate, 
neutral chro- 

mate. 
Vn. 

Cr or a perman- 
ganate. 



i Absence of Co, Hi, 
Cr, Cu, tc 



Absence of free ackb 
and alkalis, and of 
all salts but some of 
those of Am, Na, K, 
Mg, Ba. 8r. Ca. Ag. 



Presence of a free 
acid, of an acid salt, 
or of a salt with add 
reaction. 



n it alkaline Presence of a hydrate 

(Turning red paper blue.) of K, Na, Am, Ca, 

If the color of the p«per l>ecomes only Sr, or Ba, or of a 
slightly changed it indicates the prt>lial>rti salt with alkaline 
presence of an alkaline salt. | reaction. 
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Saq^eriment 



IIL Evaporate (27) 
some of the liquid 
opon a thin watch 
glaas* heated rery 
gently by support- 
ing it some incbee 
aboTe a small flame 
npon a piece of 
wire gauze, or by 
meana of a sand or 
water bath. 

If a residue remains 
on the glass, bring 
this graduallv into 
the flame and heat 
it more strongly. 



IT. Add excess of 
strong NaHO or 
KHO solution and 
boU (61). 



Obsenration. 



A rmOtuitl^ 

On being strongly boated the residue blackens 
and emits a smell of burning .... 
The smell resembles that of burning sugar. 

Note. — If the cold residue after ignition effer- 
yesces with a drop of HCi, whereas the unig- 
uited residue did not, the organic acid radicle 
U united with Ba, Sr, Ca, Mg, Na, or K. 
The results in Exp. I., par. 333, may be here 

obeerTod and should be noted. 
Keep this residue for Exp. YI. 



Inference. 



Presence of some dls- 
solved solid. 



No residue i$ l^ 

If the liquid is also colorless, tasteless,' and 
without action on litmus paper, it must consist 
only of distilled water, and no further exami- 
nation of it need bo made. If the liquid is alka- 
line, NH3 must be looked for; if it is acid, 
HsCOa, HfSOs, Hcn, UNO,, HSSO4, and other 
voIatiTe acids only need be tested for. 



Pres. of A, 0, or T. 
Pros, of T. 



Absence of any dis- 
solved solid. 



A smell of NH3 ; moist red litmus is turned 
blue, and a rod moistened with strong HCI 
produces white fumes when held in the 
mouth of the test-tube. 



Presence of NH4. 

No further teet need 
be tried for a metal. 
Proceed to 335. 



T. Experiment 11. (page 183) is then tried by dipping the platinum wire into the liquid, con- 
centrated, if necessary, by eyaporation. 



YL Experiment IT. (page 184) is tried by fiising some of the residue fh)m Exp. III. (above) 
in the borax bead. 



* A piece of thin glaai firom the side of a broken flask is a cheap and useful substitute for a 
watch i^Mk 
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Preliminary Examina- 

335. Pour dilute H^O^ in excess upon the substance in a test- 

336. A gas is evolved, shown by effervescence or by a charac- 



1. Coloriesg g<u with- 
out smell. 

A di-op of lime 
or baryta-water 
hfld in the tube 
upoD the end of a 
gluas rod becomes 
milky : — 
IVeceito« of a car- 
bonate. 



2. 0<u amellmg of bunUmg cvt- 
pJmr. 

A drop of KtCrfO; solution held 
in the tube upon the end of a 
glass rod becomes green : — 
Pretenoe of a ndphiU. 



2a. The SO^ gas Is giren off 
only after standing for a time 
or on warming, and yellow 8 
separates : — 
A-Menos of a theiomdphate. 



3. Oaa with a moit 
fetid amM. 

A slip of filter paper 
moistened with 
alkaline solution 
cfPbAs, and held 
in the tube, is 
blackened : — 
iVessMoe of amd- 
phidt. 



4. YeUcw gaa 
mgofCL 



A slip of moist 
litmus paper held 
in the tube is 
bleached : — 

Preaenoe of a kifpo- 
dUortle. 



337, Add strong H2SO4 in small quantity to a fresh portion 
whether any of the results enumerated below occur ;* if none of 



I. F^mea are evolved with punffent ameU and eicid reaction to litmua 
paper, the liquid ia not colored : — 

IVesenoe of a chloride or nitrate. 



Oonfirmatory. — Hold in the 
fumes a glaaS rod moistened 
with a solution of AgNOg 
acidified with HNO,: the 
solution on the rod becomes 
milky : 

Preaence of a chloride. 

Confirm by 351. 



Confirmatory. — Drop into the 
acid some small pieces of 
Gu, reddish brown gas is 
evolved : — 

iVecsNos of a ntfrate. 



2. The liquid becomea fftUow 
or red, and a ehloroua amaU 
ia given og : on warming 
the tube a crackling noise 
or slight explosion is pro- 
duced : — 

Preaence of a Mondta. 

Oo^fimuUorif. — To a portion 
of the cold solution of the 
substance in water add a few 
drops of dilute indigo solu- 
tion, then some H^SCV Uie 
blue color of the UKUgo is 
destroyed. 



338. After heating the tube containing the strong H^O^ and 
porcelain dish for 338a ; rinse out the tube, and dry the in§ide 
fluoride is shown. The presence of a fluoride, if decisively indi- 

338^. Add alcohol to the liquid in the |H)rcelain dish, mix by 
greenish tinge, it shows: Prcseiice of a borate. Confirm by 35o. 

* If Pb, Ba, Sr, or Ca is present, the addition of H,S04 causes a precipitate of the 
t It is best to compare this smeU with that evolved whan NaA is similarly treated, 
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TION FOR THE AciD RaDICLE. 

tube, and observe the effect produced* ; then heat to boiling : 
teristic smell ; see below : 



6. Beddi$h brown Jutne§ are 
evototdy best seen by looking 
down the tube at white 
paper. 

On adding a little cold dUute 
H«S04 and FeS04 solution to 
a nroBh poition, a deep brown 
liquid is produced : — 
JVeteitce of a nitrite. 



6. Smell of HOy. 

Test for a cyanide and a 
ferro-, ferri-, and sulpho- 
cyanide in the original 
substance by 351. 



7. Smell of Vinegar. 

Befer to 337, 4, below. 



No gcu is evolved : — 

Absence of carbonate, ml- 

ebite, theiosulpbate, sulphide, 
ypocblorite, nitrite. 

Pass on to 387. 



of the substance, mix well by shaking, heat gently and note 
them is noticed, pi*oceed to 338 and 338a : 



3. A reddiah brown or violet color is 
produced in the acid, and no explo- 
sion or crackling occurs on warm- 
ing:— 
Fr«$ene4 of a bromide or iodide. 

If, on heating the mixture, colored 
vapor is evolred (see note), hold in 
the rapor the end of a glass rod 
ooYered with moist starch powder : 
the starch become brown : — 
Presence of a bromitle. 

The starch becomes bluish black : — 
l^esence of an iodide. 

Note. — The vapor is much more 
easily obtained by mixing the sub- 
stance with MnO« powder, before 
adding H1SO4 and heating. 



4. A smeU of vine- 
gar is noticed : — 
Presence of an 
acetate. 



Ooi^ftrmatory. — 
Add to a fresh 
portion of the 
substance some 
alcohol, then 
strong HgSC^ ; 
a fragrant smell 
proves an ace- 
tate.f 



5. A mixture of 
CO and CO^ 
go»e» ie given c^: 
found by a drop 
of lime-watfr 
held in the tube 
being turned 
milky, and by 
the GO burning 
with a blue 
flame when kin- 
dled :— 
Presence of an 
oxalate. 



6. The subttanee 
bladeens and 
evolves gases, 
amongst which 
Sps u recog- 
nized by its 
smell and its ac 
tion on KsCrgO; 
solution : — 
Probable pres* 

sence of a tartrate. 

Conflrm by 

364. 



substance, let it stand for some time, then pour the liquid into a 
thoroughly ; if it is seen to be corroded and dimmed : Presence of a 
cated here, requires no confirmation. 

stiiTing, heat the dish and kindle the alcohol ; if the flame has a 



insolnble sulphate : this may be disregarded. 

since a mixture of alcohol and HsSOi when heated eyolyes a somewhat fragrant smell . 
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339. GENERAL TABLE FOR THE 

If the metal has not been detected in the preliminary ex- 
Group it belongs (see Table pp. 178, 179), and then trying 



A part of the solution (332) of the Bubstance, if acid (340), is mixed with dilute HCl (341) ; 



The precipitate may 
be— 

AgCl— white. 

HgjClr-" 
PbCl»- " 



Kxamioe for the 
metal by Table I. 
(344). 



Into the same part of the solution (342) H|S is paased, or HjS 
Ib heated to boiling : — 



The precipitate may 

HgS— black. 
PbS- " 

B1A-" 
CuS— " 
OdS— yellow. 



8nS — brown. 
SnSf— yellow. 

Sbs3s— <»'&°S«' 
Asg^— yellow. 



Examine for the metal by 
Table II. (345). 



To a fre$h portion of the solu- 
[Ckmtion. — If a tartrate or 

evaporating the liquid must 

dilute HCU and tested by 
If AmHO added after AmCl 

AmllMoOA and warmed. 

ckromaU (343) or fluoride 



The precii^tate may 



Al,Ho,-| 



Colorless and 
transparent. 
CrsHog-^Mde green. 
Fe^Uo^— reddish brown. 

(dingy green, 
FeHO| — •< turning brown 
( in the air. 

Sxamine for the metal by Table 
ni.A (346). 



If the precipitate is opaque or 
white and has none of the abore 
appearances, refer to 367. 



If no metal can be found, the sub- 



NOTES TO THE GENERAL TABLE. 

340. If the liquid is neutral or alkaline^ a portion of it is made 
just acid by slowly dropping in dilute HNO, ; if this produces 
no precipitate or a precipitate which dissolves on adding more 
HNO„ another portion of the liquid is examined by the above 
table. 

If a precipitate forms, which is not dissolved by adding more 
HNO3, it may consist of a colorless gelatinous HiSiO, from a 
silicate, or finely-divi(le<l S which is preci{>it4ite<l white from 
a polysulphide, and yellow from a theiosulphate ; or of 
SnOj, or metastannic acid, or Sh./)5 (all white) ; it may also 
possibly be SnS.^, As^S, (both yellow), Sb,^ (orangc-rotl), these 
sulphides being ])rccipitated from a sulphostannato, sulphar- 
senite, or sulphantimonitc. 

If H4Si04 separates, it is best to evaporate the acidified solution 
quite to dryness and then heat the residue with dilute UCl; an 
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EXAMINATION FOR THE METAL. 

aminatioD^ it is most rapidly found by ascertaining to which 
special tests for each member of the Group. 

if any precipitate forms, more HCl is added and the liquid heated :— 

water is added to it (343), the liquid is then diluted, and if no precipitate has formed, it 



tion AmCl is added, then AmHO in excess : — 

oxalate has been found by 337 some of the solid substance or the residue obtained by 

be strongly heated on a piece of porcelain ; the residue on cooling is then dissolved in 

AmCl and excess of AmHO.J 

produces a precipitate, a few drops of the original solution are added to some 

Should a yellow precipitate form, indicating the presence of a phosphate, or should a 

(338) have been found, refer to 3)7 for the examination of the Oroup III. a precipitate. 

To the same portion add a few drops of Am^S, or HgS-water : — 

[Note. — Before adding Am^ the liquid may be blue^ ahovfing presence of M, or violet from 
dissolved Cr^Hos ; the latter must be precipitated by long boiling in a porcelain dish 
before adding AmyS.] 



The precipitate 
may be— 

ZnS—white. 
MnS — pink. 
NiS— black. 
CoS— " 
[FeS— " ] 



Examine for the 
metal by Table 
in.B (347). 



To the same portion add AmgCOg : — 



The precipitate 
may be :— 

BaOOjr- ^^i^ 

SrCOs- 

CaCOa- 






Examine for the 
metal by Table 
IV. (348). 



To the same portion add NagHPO^, warm 
gently and shake well : — 



A white crystal- 
line precipitate 
proves pretence 
o/Mg. 



The metal still pre- 
sent may beNU4. 
Ma, K ; it should 
have been de- 
tected already in 
the preliminary 
examination by 
Tests I. or II. 
(333). 



stance is probably an acid (334, II.). 

insoluble residue confirms the presence of a silicate, it is filtered 
off and the filtrate tested for the metal by the above general 
table. 

Any other substance insoluble in dilute HNO3 is filtered off 
and may generally be known by its appearance : further, SnO, 
becomes yellow and SbjOs orange when moistened with H,S 
water ; metastannic acid becomes golden yellow if moistened 
with SnClj solution. 

341. Make a note of any changes which occur on the addition 
of HCl ; gases may be evolved (336), or a yellow solution may 
become reddish yellow^ which renders probable the presence of 
a neutral chromate. 

342. Before H^S is added the liquid must be heated, and if 
any smell of CI or of SO2 or brown nitrous fumes should be 
perceived, the solution must be boiled down nearly to dryness, 
then dilute HCl added and HjS added at once. During evapora- 
tion gelatinous H48i04 may separate (340). 
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343. The following changes occurring on the gradual addi- 
tion of HjS are of importance. If the precipitate is white at 
first, then brovmj and at last blacky the presence of Hg^^ is 
shown; if the solution is strongly acid and gives arm pre- 
cipitate, becoming black on dilution with H^S- water, Pb is 
present. 

A separation of white S may occur, accompanied by the fol- 
lowing changes of color, which are characteristic and should 
be noted down : — 

A redduh yellow solution changing to pale green indicates a ferric salt 
A reddieh ffellow ** " hrigiU green '* chromate. 

A green " " colorleea " manganate. 

A purple ** " eolorlees *' permanganate. 



The precipitate of S is known by beiuj^ perfectly white and 
running through a filter ; it need not be mrther examined. 

A yellow precipitate which forms only on boiling the liquid 
may be As^ from an arsenate, or SnS, from a stannic salt. 



844. TABLE I.— SILVER GROUP. 

A white preeipitcUe forms on addition of HCl, and is 
either not dissolved when boiled with HCl, or it dis- 
solves and reappears in crystals on cooling the liquid, 
showing the presence of Pb. The precipitate may con- 
sist of AgCl, PbClj, HgjClj. 

Let the precipitate settle and decant the liquid ; boil 
the precipitate in the test-tube Mrith AmHO : 



1. The precipUate dieeolvea^ 
at least in part, see note 
below : — 

iV«MNr« of Ag. 

Conflrm by adding excess of 
HMOs to the AmHO so- 
lution, a milkinesB ap- 
pearsL 



Aol«.— Coajnilated AgOl 
often dissolves only slowly 
in AmHO. 



2. The precipitate does not dissolve : — 



The color of the precipitate \ 
i» unchutujed : — 
Preeenee of Pb. 

Conflrm by decanting 
the liquid, dissolving the 

Srecipitate in HA, and ad- 
ing K«Cr04 to the ntlii- 
tlon ; a yellow precipitate 
forms. 



The vrecipitats btcomet 
black : — 
Pretence of Hg' 
{3fercuroeum). 

Conflmi by immendng 
a bright riip of copper 
in n iiortion of the <iri- 
giiiiil floliitiun, made 
Hiid with a few dn>ii« of 
HXO, ; a grey defHieit 
foniJH on the Pu, whi< h 
iKMMiiieo wliite and bright 
when rubbed. 



\ 



345.1 345. TABLE II.— COPPER AND ARSENIC GROUPS. 193 
Note the color of the precipitate yielded by H,S : — 

j I. The preefyitate i$ dark brown or black ; it nuty consiift of SnS, CuS, UgS, BLSa, PbS. 
I Add pure NaHO in excess to a small quantity of tlie liquid and precipitate, or of the precipi- 

tate alone after decanting the liquid if poasible, and boil : — 



The prteipUate di*- 
mdvet : to a portion 
of the NaHO solu- 
tion add lia in 
excess, brown SnS 
is reprecipitatod. 

Boil another portion 
of the precipitate 
after adding a little 
yellow AiDs8, then 
add HCI in excess, 
a yellow precipi- 
tate of Sn^s :— 
Brmenee of Sn" 
(Stannoenm). 



The presence of 8n'' 
should be con- 
firmed by adding 
HgCL| to a part of 
the original HH 
solution, a white 
precipitate shows 
Ptetenee of Sm". 



The precipitate doee not dieeolve: it may consist of CuS, HgS, Bi^Ss, PbS. 

a. The original aoluUon is blue or green^ and becomes intensely blue on 
.addition of excess of AmHO : — Presence of Cu. Confirm by adding a few 
drotw uf HsS04 to Ihe original solution, and dipping into it a bright knife- 
blaae or piece of steel, a red film of Cu deposits. 

p. The origituU toltUiou ia a>l*trle8». Test in separate portions for Hg, Bi, 
Pb by the following special tiiits : — 



Immerse in the acid 
solution a bright 
strip of C*u ; a grey 
film is slowly de- 
posited, which be- 
comes brilliant 
white when 
rubbed : — 
Presence of Hg" 
(Mercurtcum). 

Caution. — A salt of 
Hg' may have been 
converted into an 
llg'' salt during 
solution in HNO,. 
The original sub- 
stance should 
therefore be 
treated with 
A m U ; if it 
blackens, Ug^ was 
present; if not, 
Ilg'' was originally 
in the substance. 



Pour another portion of 
the original solution into 
much cold distilled 
water ; a white precipi- 
tate or milkiness : — 
Preeence of BL 

Note.— I f Bi is sus- 
pected and no milkiness 
appears, add excess of 
AmHO to the liquid; Bi 
if present falls as hy- 
drate ; filter, pour one or 
two drops of boiling HGl 
upon the precipitate, and 
let them drop through into 
large excess of water; a 
milkiness on stirring shows 
preeence of Bi. 



To a portion add 
H^4 a white 
pracipitate : — 
Pr^emceofPb. 

The presence of Fb 
should be confirm- 
ed by adding to a 
part of the origi- 
nal solution AmHQ 
in excess,then UA 
in excess, then 
K2Cr04; a yellow 
precipitate shows 
preeence of Pb. 



2. The precipiUOe m yeUow : it may consist of CdS, ASfSa, SnS|. 
Boil the precipitate with NaHO in excess, after decanting the liquid if possible :— 



The precipitate doee 
not dieeohe: it is 
bright Yellow and 
pulverulent — 
Ih-eeence of Od. 



The presence of 
Cd may be cx>n- 
firmed by showing 
that the precipitate 
produced by H ^ S 
dissolves on being 
boiled with dilute 
H^4. 



The precipitate dieeolvee : it may consist of As^Ss or SnS^ ; examine portions 
of the original solution as directed below : 



Acidify a portion with HCI, and place 
in it a piece of Zn which is known to 
be free from Sn : Sn is deposited on the 
Zn:— 

Preeence of Sn^" (Stannicum). 



The deposit of Sn nhould be detached 
from the Zn, and dissolved by boiling it 
in a test-tube with a little strong HCI, 
then UgClf added ; a white precipitate 
confirms the preeence ofSn^, 



Acidify a portion with strong 
HCI, immerse in it some 
pieces of bright Cu and 
bull, a black film is deposited 
on the Cu : — 

Preeence of Ae. 



Nttte.—U the yellow pre- 
cipitate formed by H^S ap- 
peared at once in the 
cold, the As is present as 
Areenoeum; if it formed 
only on boiling, Areenicum 
is present. 



3. The precipitate i» orange red: it may consist of Sb^Ss. 

Oonflrm by acidifying a portion of the original solution with HCI and immersing in it a piece of 
Zn resting on a slip of platinum foil, a black stain on the platinum (193) r— 

Preeence of 8b. 

NoU.—lt occasionally happens, if the solution has not been sufficiently diluted, that B|S gives a 
reddish precipitate with Pb solution ; such a precipitate, however, becomes black on adding more 
HjS-water. 
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346. TABLE III.a.— IRON GROUP. 

The color of the precipitate produced by addition of 
AmCl and AmHO will usually indicate whether it con- 
tains Fe, Al, Cr ; the following tests may be made in 
confirmation. 

To a portion of the original solution add KHO grad- 
ually until a precipitate has formed (see note below 
Table), then add KHO in excess and stir ^ell, one of 
the following results will be obtained : — 



1. A oolorleu gela- 
tinous precipitate 
is produced which 
dinulves in ex- 
coas ofKUO to a 
eolorlen 8 o 1 u- 
tion : the precipi- 
tate reappears on 
tlie addition of 
much AmCl to 
the KHO solu- 
tion :— 
Pretence of Al. 



2. A paU green 
gelatinous pre- 
cipitate f o r in 8, 
wnich diasoWes 
in excess of KHO 
to a green solu- 
tion : when PbO| 
is added to 
this green solu- 
tion and the 
liquid is boiled 
and then acidified 
with HA, a yellow 
precipitate is pro- 
duced : — 
Pretence of Or. 



3. A reddieh 
brown precipi- 
tate forms, insol- 
uble in excess 
of KHO. Add 
KCyS to the 
original H C I 
solution, a blood 
red coloration : — 
Pretence of Fe"\ 



4. A dingjf green 
prec ipi tate 
forma, insoluble 
in exceas of 
KHO, the pre- 
cipitate if filter- 
ed off and ex- 
posed to the air 
gradually b e • 
comes brown : — 
Pretence of Fe". 



Note. — If a colorless gelatinous precipitate has been produced 
by AmCl and Am HO, and is not produced by addition of KHO, 
a silicate is probably present. Its presence is confirmed by 
fusing the solid substance in a bead of NaAmHP04 (294J; or 
by evaporating the acid solution to dryness, a residue insoluble 
in acia is SiOj and may be tested by the bead as directed 
above. 



347. TABLE III.b.— ZINC GROUP. 

The color of the prccij)itiitc pro(lu(»e<l by addition of 
AnijS or of HjS to the alkaline solution will distinguish 
Zn or Mil from Ni, Co, and PV, and will usually dis- 
tinguish Zn and Mn also from one another. See a and 
b below : — 

a. If the precipitate i> light in color ^ add to some of the origi- 
nal solution KHO gradually until a precipitate forms, then add 
KHO in excess. A white precipitate, dissolving in excess of 
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KHO and reprecipitated by addition of H^S proves />r6«ence of 
Zn, A white or brovmish precipitate insoluble in excess of 
KHO and gradually turning dark brown when filtered off and 
exposed to the air, shows presence of Mn, 

0. If the precipitate U black, it will consist of either CoS or 
NiS or possibly of FeS ; the distinction of the metals Ni and 
Co by the color of their solutions — ^Ni being green, Co pink — 
and by the colors they impart to the borax bead (333 iV. ) is 
quite simple. FeS is only precipitated here from a dilute solu- 
tion of a ferrous salt : Fe^^ is best detected by 346. 



348. TABLE IV.— BARIUM GROUP. 

Dip a loop of platinum wire iuto the original solution 
or into the HCl solution of the precipitate produced by 
AnijCOs, and hold the wire in the Bunseu flame. If 
the flame coloration thus obtained is not decisive, employ 
the tests placed at the foot of each column as confirma- 
tory : — 



A ytUowith ^[reen flame: — 
Presence of Ba. 

Ormfirmaiory.-KM CaS04 
to a perfectly cold por- 
tion of the Hd solu- 
tion, a precipitate forms 
immediately. 

Note. — A green flame 
coloration may be pro- 
duced by HaBOa 



A crimson flame^ appear- 
ing deep red through 
the indigo prism : — 
Presence of Sr. 

Confirmalory. — Add CaSo4 
to a perfectly cold por- 
tion uf the 11(^1 solu- 
tion, no precipitate is 
produced, but a pre- 
cipitate appears imme- 
diately on boiling. 



A red flame appearing 
dingy green through 
the indigo prism : — 
Presence of Ca. 

Ckmfirmatttry.— Add CskSO^ 
to {Hirt of the HCl solu- 
tion and boil ; no pre- 
cipitate. To the rent 
add AmllO in excess 
and Am2C«{04; a white 
precipitate forms. 



EXAMINATION FOR THE ACID RADICLE. 

349. If the acid radicle has not been found already 
in the preliminary examinations (33 5-338a), or during 
the examination for the metal (341, 343), or elsewhere, 
it must be tested for as directed below. Since the sohi- 
bility of the substance (332) and the metal it contains 
are known, much trouble is usually saved by referring 
to the '' Table of Solubilities " (440). 
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For the tests given below, use separate portions of the 
original substance : try the tests in succession until an 
acid radicle is found. 

350. Acidify a portion of the liquid, or if a solid 
dissolve it, with dilute HCl and add BaClj. If Pb, 
Hg', or Ag has been found, acidify with HNO3 and add 
Ba(N03)2, since HCl and chlorides would precipitate the 
above metals as chlorides. A white precipitate forms 
which does not disappear on boiling : Presence of a 
stUphate, 

351. Acidify a portion of the liquid, or if a solid is 
being examined, dissolve the solid with dilute HNO3; 
filter off any precipitate or residue which may form, and 
add AgNOs solution : a precipitate forms, which does 
not disappear on warming. Note the color of the pre- 
cipitate ; and according as it is white, yellow or orangey 
examine it by 1, 2 or 3: — 



1. Th« precijoUate u white: it may consist of AgCl, AgCy, Ag4FeCy«, or 
AgCyS. Make a portion or the original solution just acid with HCl, then 
add FesCl« :— 



A deep blue precipitate : 
IVetence of a ferrocyanide. 



A blood-red coloration : 
Pretence of a tmiphocyimide. 



IfFe^CI^ has yielded neither a precipitate nor coloration, indicating absence 
of a ferro- and Hulpho-cyanide, decant the liquid trom the precipitate caused by 
AgNOj, pour upon the precipitate some strung HNO^ and boil : 



The precipitate remains 
undissolve*! : 
PijBtence of a chloride. 



The precipitate dissolves : 
l\-e»ence of a eyctniile. 
Confirm the presence of a cyanide in a portion uf 
the original solution by boiling it with FeS(>4, Fe^ClA. 
and KHO, and acidifying with HCl: a blue precip- 
itate : Pr^enoe of a cyanide. 



2. The prec^UcUe w yeOote^ and may consist of AgBr or Agl. 
Test some of the original wUution for an iodide by adding to it starch solution 
and KNOj solution, the acidifying (if not already acid) with UCl : a deep blue 
coloration : I 

Presence of an iodide. 

If an iodide is not thus dete<*t(Hl, add to another portion of the original h«»Iu- ' 
tion aoveral drops of C'1-wuter ; if the liquid t)econu>s yellow, and nn being . 
shaken with (^ colors that liquid rtMldish brown, it hIiowh : 

Presence of a bromide. 



3. The precipitate i» orange red^ and is proliably AgeFe-Cyj-. 
Make a portion of the original solution Just acid with IICI, then add F0SO4 
■olution ; a deep blue prei'ipitate shows : 

Prritence of a ferriejfanide. 
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Note, — If Hg has been found, HgCy, may be present, not- 
withstanding the formation of no precipitate with AgNO,. If 
not already detected in 333 I., refer to 306. 

352. Acidify some of the original liquid, or if it is a 
solid dissolve it, with dilute HNO3; filter if necessary, 
add a small quantity of this acid solution to some 
AmHMoOi solution, stir well and warm gently : — 



A yeUow precipitate shows : — 
Preeence of a pho9phate. 


If MO precvpiUiie formt^ heat to boiling, 
the formation of a yellow precipitate 
shows :— 

Presence of an araenate. 



The presence of a phosphate or arsenate may be confirmed 
by dissolving the yellow precipitate, separated by filtration or 
decantation, bv pouring upon it a little AmHO ; on adding to 
this solution AmCl and MgS04, a crystalline precipitate will 
form, which is to be filtered off and washed with a little cold 
water : several drops of AgNOj solution are poured upon this 
precipitate on the filter; if it becomes yellow , a phosphate is 
present; if browriy an arsenate is present. The presence of an 
arsenate is further confirmed by a yellow precipitate (As^) 
appearing with H^S when the liquid is boiled. 

353. Acidify a portion of the original liquid, or if a 
solid stir it, with HCL ; dip into this solution a piece 
of turmeric pai)er, and dry it at a gentle heat ; if the 
paper becomes reddish brovmi when dry, and changes to 
dingy green or blue black when moistened with AmHO, 
it proves the presence of a borate, 

354. The acid radicles, one of which may still be 
present, are "T, "C2O4 and 'F. If the metal found be- 
longs to Groups I., II., III., or IV., the examination 
for one of these radicles must be begun at 356 ; if the 
metal present is K, Na or NH4, examine by 355. 

355. Make the solution just alkaline with AmHO, 
then add CaClg solution in some quantity, shake well 
and let stand, if no precipitate forms at once : the pre- 
liminary examination (337) will usually have indicated 
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which of these acid radicles is present, and thus show 
according to which of the three columns below the pre- 
cipitate is to be further tested : — 



I. A erffttaUme precipUaU. ap- 
pearing after »ome (ime, shows 
probable preaence of a tartrate. 

Confirm by 1 or 2 below : — 

1. Decant the liquid from the 
precipitate, add a little water 
and a single drop of AmHO, 
drop in a small crystal of 
AgNOj and warm very care- 
fully ; a mirror is formed below 
the crystal, pretence of a tar- 
trate. This test may be tried 
also with the original solution 
by 322. 

2. On acidifying some of the 
neutral original solution with 
HA and adding alcohol and 
KA (unless K or NH4 has 
been detected in the sub- 
stance), and stirring or shak- 
ing well, the fumiatiun of a 
crystalline precipitate shows 
preeence of a tartrate. 



II. A white pulvervient pre- 
cipitate shows probable 
preeence of an oxalate. 



The presence of an oxalate, 
already indicated by the 
test in 337, 6, must be 
conflimed either by warm- 
ing some of the original 
substance with MnO^ and 
H2SO4, and testing for 
a>2 gas (319) : or by the 
more tedious method of 
Altering off and drying 
some of the above precip- 
itate of GaCsOf, then 
igniting it and testing 
for a carlwnate with HCl 
(318a) 



III. A gelatmou* 
flooculeHt precipi- 
tate shows proba- 
ble preaence of a 
fluoride. 

Confirm by filtering 
and warming some 
of the precipitate, 
or of the sub- 
stance if solid, 
in a small cup of 
lead or platinum 
with strong 
H«S04; fumes 
will be OTolred 
which etch a prop- 
erly prepared 
watch glass (296). 



356. An oxalate or fluoride of Ba, Sr, Ca or Mg will 
have been already detected. A tartrate of any one of 
these metals is found by gently heatnig the finely-pow- 
dered substiince if it is solid, or the neutral solution if a 
li(juid, with very dilute Am IK) and a crystal of AgNOs: 
the formation of a mirror shows presence of a tartrate. 
If a metal of Groups I., II. or III. has been found, the 
metal must be separated before testing for the acid rad- 
icle. 

If the metal belongs to Group I. or II., make the 
original solution just acid with HCl, and add HjS solu- 
tion or pass IlgS into the liquid for about five minutes ; 
filter ofl* the precipitate nnd add more HjS to the filtrate; 
if no more precipitate forms,* l>oil in a i>orcelain dish 
until the liquid ceases to smell of IIjS, and examine by 
355. 



• If any further precipitate forms, add more of the reagent, filter and 
test again by adding more of the reagent; this addition of reagent^ fil- 
tration, and testing the filtrate is R'twatnl until no further precipitate 
forms on addition of the reagent to the filtrate. 
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If the metal belongs to Group III., add AmCl, AmHO 
till alkaline, then Am^ : boil and filter, add to the fil- 
trate Am^ ; if no more precipitate forms (see foot-note, 
page 198) add HA in excess, boil, filter off S if neces- 
sary, and examine by 355. 

If no acid radicle can be found in any quantity and 
the substance is not metallic in appearance, it is probably 
an oxide or a sulphide ; most sulphides yield a sulphate 
or sulphuric acid when they are boiled with strong 
HNO3, which may be detected after dilution by 350 ; 
an oxide may often be known by its color (331), or by 
some other special property or test : e.g. MnOg by evolv- 
ing CI when it is heated with HCl, and Pb304 by leav- 
ing brown PbOj when it is treated with dilute HNOj. 



EXAMINATION OF GROUP III. a. 

357. The precipitate formed on the addition of AmCl 
and AmHO to the solution of a substance insoluble in 
water may consist of Al2HgOg, FcgHgOg, CrgHgOg ; or of 
Fe, Al, Cr, Zn, Mn, Ni, Co, Ba, Sr, Ca, Mg as phos- 
phate or oxalate; or of Ba, Sr, Ca as chromate or 
fluoride. 

The systematic examination of a precipitate in Group 
III.A for these substances is a diflScult matter ; such an 
examination is, however, only necessary when an oxalate 
(337, 5), a chromate (343) or a fluoride (338) lias been al- 
ready detected, or when a phosphate is found in 339. If 
a precipitate forms in Group III.A, and the above acid 
radicles are absent, proceed as is directed in 346 : if the 
above acid radicles are present, the metal must be tested 
for as directed below, unless it has l)een certainly detected 
during the preliminary examination. 

358. Note the appearance of the precipitate caused by 
AmCl and AmHO, then add AmjS to the liquid and 
precipitate, stir well and according to the appearance of 
the precipitate proceed to examine further by 1 or 2 (page 
200). 
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1. The precipitate after addition of AmJS is bkick, it may 
consist of FeS, CoS, or NiS ; the means of distinguish- 
ing these three metals is given below. Note first the 
color of the original solution (334, 1). 



a. Hu eolor of Ou orig- 
inal aoluUon wiu 
vettow or redduh 
broum: — 
Pretence of Fe"* 
{Ferrienm). 

Thii is confirmed by 
the precipitate pro- 
duced by AinCI and 
AmUO in the orig- 
inal solution hay- 
ing been p€ile yellow 
or reddUh brown ^ 
and becoming black 
on addition of AmsS. 

As a conflmiatorjr test 
add to a portion of 
the original solu- 
tion, acidified with 
HCl if necessary, a 
few drops of KCyS 
solution, a bloodied 
coloration is pro- 
duced. 



b. The ooUfT of 
the original 
aoltUion wa§ 
pmA;, or po*> 
Biblyblue,be- 
coming pink 
on dilution: 
Pretence of 
Co. 

The presence 
of Co may be 
confirmed by 
adding ex- 
cees of KHO 
to the origi- 
nal solution, 
a blue preci- 
pitate turn- 
ing red on 
boiling shows 
the preecnce 
of Co. 

Co will also 
hare been 
detected by 
its borax 
bead (333, 
IV.). 



c. The color of the original tobition 
woM green : — Pretence of Nior FV\ 

Note the effect which was produced 
by the addition of AmCl and 
AmHO:— 



A blue tolution 
wa$ produced: — 
IVeeence of Ni, 

The presence of 
Ni may be con- 
firmed by adding 
excess of KHO 
to a part of the 
original solution, 
a light green 
preci p i t a t e 
shows the pree- 
eneeof Ni. 

Ni will also hare 
been detected by 
its borax bead 
(333, IV.). 



A dingn green pre- 
cipitaU^ which, 
when shaken 
round in a por- 
celain dish and 
left for soreral 
minutes exposed 
to the air, be- 
comes brown : — 
Pretence of FfT. 
(Ferrosum). 

Confirm by adding 
KfCfVs to soma 
of the original 
solution, acidi« 
fied with HCl 
if necessary; a 
dark blue precip- 
itate is p r o - 
duced. 



2. The precipitatey after addition of Am^, is white or 
light colored, — It may consist of CrjHog, AljHog, ZnS, 
MnS [or of BaCr04, or Ba, Sr, Ca, Mg, as phosphate, 
oxalate, fluoride, silicate, or possibly borate]. The 
substances in brackets can, however, only l>e present 
if the liquid given for analysis was acid in reaction, 
or if a solid was given which was insoluble in water. 

To a small portion of the original solution add KHO, 
drop by drop, until a precipitate is pnxluced. (See 
note below the Table.) Note the color and apj^ear- 
ance of this precipitate, then add a larger quantity of 
KHO and stir or shake well ; one of the following 
results (a or 6) will be nptioed ; — 
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a. The precipitate at first pi^oduced by KHO redissolves 
when the KHO is added in larger quantity, indi- 
cating the presence of Al, Zn or Cr. Note the 
appearance of the precipitate : 



A fdU green JlooetUent preeipir 
fate.— 

IVesenoe of Vr. 

Confirm by boiling some or the 
green KHO solution with lead 
peroxide (PbOs), a yellow liquid 
is obtained, wnicb, if decanted, 
yields a yellow precipitate on 
addition of HA in excess. 

The color of the solution and of 
the borax bead will also have 
detected Gr. 



NoU. — If the Cr was present in 
the acid radicle of a chromate, 
AmCl and AmHO will hare 
yielded no precipitate ; but there 
will have been a green precipi- 
tate on addition of Am^S and 
heating. 



A while vrecipi- 
to/e, which M 
re - precipitated 
from the KHO 
$olution by ad- 
dition of a few 
drops of HsS- 
watur, but is 
not re-precipi- 
tated by addi- 
tion of Am(yl : 
Presence of Zn. 

Confirmed by no 
precipitate hav- 
ing been pro- 
duced by AmCI 
and AinHO, but 
a white precipi- 
tate by ad^- 
tion of Am^, 
or of H^S after 
AmHO. 



A white flooctdent precipitate, not 
re-precipitated frum the KHO 
solution by addition of a lew 
drops of HgS- water or by Iwil 
ing, but re-precipitated iiuniedi- 
ately if sufficient AmCI solution 
is added :— 

l*re$ence of Al (see Note). 

Note. — AIPO4 ** *^**> precipi- 
tated here, and is solultle in KHO, 
but differs from AIsHu^ in beiii^ 
re-precipltated fn>m tlie KHO 
solution by additiuii of ^excess of 
HA ; if PO4 has beon detected, 
the analysis is finished. AIPO4 
is soluble only in acids; hence 
the original liquid must have 
been acid or the original solid 
substance insoluble in water. 



Note. — Sometimes a flocculent precipitate is produced on 
adding AmCI and AmHO to the original solution, and yet no 
precipitate is produced by KHO; this renders probable the 
presence of an alkaline silicate. In this case evaporate a por- 
tion of the solution to dryness with HCl; warm the residue 
with HCl : if any insoluble residue is left, the presence of a sili- 
cate is proved ; filter and test the filtrate for K or Na. 

6. The 'precipitate at first produced by KHO docs not 
redissolve on addition of more KHO; the precipi- 
tate will have one of the following appearances : 



A wMie or din^ yeUow pre- 
cipitate^ rapidly darken- 
ing when shaken in the 
air: — 

IVesence of Mn. 

Confirmed in the prelimi- 
nary examination by pro- 
ducing a green mass when 
fused with Na^CO^ and 
KNOg. and bj no precipitate 
having been produced on 
addition of AmCI and 
AmHO, unless the solution 
was exposed for some time 
to the air. 



A pale yellow preeq>itate, 
not darkening in the air : 
this precipitate will also 
have been produced by 
AmCI and AmHO, and its 
color will not have been 
altered by addition of 
Am«S : — 

Presence of BaCrO^. 

Ba has been already de- 
tected by the fiamo colora- 
tion (333, 11.), and a chro- 
mate by the change of 
color of the orange red 
liquid to green on adding 
HgS (343). 



A white precipitate, not 
darkening in the air : — 

Presence of Ba, Sr, Ca, or 
Mg as phosphate, oxalate, 
ifcc. 

Pass on to 350. 

Note. — This precipitate can 
only bo forme<l if the origi- 
nal solution was acid. 
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369. The precipitate may consid of Ba, Sr, Oa or Mg 
as phosphaie, oxalate, bwaie,* fluoride or silicate. 

Examine for the metal and acid radicle as directed 
below, working through the columns from left to right, 
unless the presence of a phosphate (339), oxalate (333, 
I. 4, or 337, 5), borate (334, V., or 333, II., or 338a) 
or fluoride (338) has been already proved, in which case 
proceed at once to examine according to 360, or by 
column 1, or 2, or 3, below. 

If this precipitate is proved to contain a phosphate, 
oxalate, borate, fluoride or silicate, the further examina- 
tion for an acid radicle becomes unnecessary. 



1. Add ArallO in exceos 
to a portion of the origi- 
nal Bolution.t Alter, dry 
the precipitate and hoat 
a portion or it to a duU 
red heat for several 
minutes on platinum 
foil. 

Place the foil in a test- 
tube and pour a fuw 
drops of dilute IIIM upon 
it; if the residue dis- 
solves with effurves- 
cence. it shows the 
pretence of an ozalnle. 

Test this HCI solution 
for Bo, Sr, Ca, Mg, by 
339, using it as the 
original solution. 

If the ignited precipitate 
does not dissolve with 
elTervescenco, ptvss on 
to column 2. 



2. Stir some of the pre- 
cipitate produced by 
AmHO,t column 1, on 
a watch glass, with a 
little water to which a 
few drops of HCI have 
been added, until the 
precipitate is dissolved. 
Dip into the liquid a 
slip of turmeric paper, 
and dry at steiim heat ; 
the Hlip appears reddieh 
broicH, and becomes 
dingy green when moist- 
ened with AmllO : — 
Presence of n borate. 

Examine for the metal 
present by 361. 

If a borate is not found, 
proceed to column 3. 



3. Place another portion 
of the precipitate pro- 
duced by AmHO,t co- 
lumn 1, in a leaden 
cup or platinam cru- 
cible, add strong HsS04 
and warm gently, 
covering the vessel 
with a watch glass 
which has been coated 
with a film of wax and 
has had characten 
traced with a sharp 
point through the wax 
(»6); the glass is 
etched : — 
iVsMNoe of ajimoride. 

Examine for the metal 
present by 361. 

If no fluoride is found, 
test for a silicate by 
361. 



360. Examination of a phosphate. — Add to a portion 
of the cold original solution AmHO, drop by drop, whilst 
constantly shaking the liquid, until a slight precipitate 
is formed, which does not disapi)ear on stirring; then 
add HA and NaA solution, and drop in FcjClg until the 
liquid, after being well shaken, has a brown or red color; 
boil and filter immediately. The precipitiite is thrown 

* Borates of Ba, Sr, and Ca are rarely precipitated in Group HI., since they are 
soluble in the AmCI formed on adding AmHO to the HCI solution. 

t If a solid is being examined, a portion of the original solid is employed for this 
Wai instead of the precipitate produced by AmHO in the UCl solution. 
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away. To the filtrate AmCl is added, then AmHO 
until it is just in excess; boil and filter. The liquid or 
filtrate, which must smell strongly of NH3, is then tested 
for Ba, Sr, Ca and Mg by 339, this liquid taking the 
place of the original solution ; and if any precipitate is 
formed by Am^JJO^, it must be well washed several times 
with boiling water to remove Na, since the intense yellow 
coloration of Na would mask that of Ba, Sr or Ca. 

Explanatimi of the Method for Examination of a Phosphate, 

In order to detect Ba, Sr, Ca or Mg present as phosphates, 
the PO4 must be removed from the solution and the metal left 
as chloride. This is effected by neutralizing all HCl and leaving 
the solution acidified only by free HA; by addition of FcaClg 
in slight excess and boiling, all PO4 is precipitated as FePO*, 
which, though soluble in HCl, is perfectly insoluble in HA. 
On filtering, FeP04 remains upon the filter, and the filtrate 
contains the metal (Ba, Sr, Ca or Mg) as chloride, together with 
a little Fe, but is perfectly free from phosphate. 

361. Examination of a borate^ fluoride or silicate, — A 
portion of the original substance is placed in an evap- 
orating basin, which is then nearly filled with dilute 
HCl, and the liquid is entirely boiled away; the dish 
is once more filled with acid and again evaporated to 
dryness : the residue in the dish is then warmed with 
dilute HCl and filtered, if any residue is left : 



Solution: the HCl solution is examined for 
Ba, Sr, Ca, Mg by 339, this solution being 
treated as is there directed for the original 
solution. 



Residue: if any resi- 
due remains in- 
soluble in HCl, it 
proves : — 
Presence of a iiUcate. 



Explanation of the process. — ^The evaporation to dryness with 
HCl removes H3BO3 and HF, which volatilize, whilst SiO« is 
left insoluble in HCl and therefore remains as an insoluble 
powder on afterwards warming with HCl; this residue of SiO^ 
also remains, however, if HF was present, being caused by the 
corrosion of the dish ; since, however, HF, if present, has already 
been found, no notice will then be taken of the residue. 
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ANALYSIS OF A SIMPLE SUBSTANCE. 



[366. 



THE SUBSTANCE POSSESSES METALLIC 

LUSTRE. 



366. This shows the probable absence of an acid 
radicle. The only non-metallic elements likely to be 
present are free carbon as graphite, free iodine or com- 
bined sulphur, since several sulphides are decidedly 
metallic in appearance.* The pi'esence of the metals 
Ni, Co, Fe in the free state, and of FcgO^, may be shown 
by the substance being attracted by a magnet. Pb, or 
graphite, will be recognized by marking paper when 
rubbed upon it, as a black-lead j)encil does : the mark 
due to Pb disappears if wetted with dilute IINO3. 

Preliminary Examination. 



Experiment. 


Obser\-ation. 


Inference. 


I. Heat a portion of 
the subHtanco in 
a Bniall ignition 
tube. 


1. A black lustrous mirror forms 

2. A yellow sublimate forms, melting, 
wlion lu'uted, to l>rown drops . . . 

3. Violet vapor in given off. condens- 
ing to bhick scales on the sides of 
the tube 


Presence of As. 
lYesence of S. 

Presence of I. 
Iodine alone is pre- 
sent. 


If the sulwtance sublimes entirely 
as violet vai>or 






11. Heat a portion 
in the inner blow- 
pipe flanie in a 
cavity scooped 
on a piece of 
wood charcoal. 


1. Snu'll of giulic 

2. If an incrustation forruH, n»fer to 
par. :t.'i:i, v., where in theoecond and 
third columns will bt* found the ap- 
pearance of the incrustation and the 
metal whose presence it indicates. 

3. 8mell of burning sulphur . . . . 

4. A green flame coloration 


Presence of Ab. 

Presence of S. 
Presence of Cu. 


III. Place a portion 
of the snbHtance 
in a piece of hard 
glasM tube ojK'n 
at both ends, an«J 
heat it strongly 
In the Bunsen 
flame, and after- 
wards in th e 
blowpii)e flame if 
necessary. 


1. A gas is evolved fn>m the upper 
end which smells of burning sul- 
phur and turns a pi«'ce of filter 
[Mi|M»r moistened with KjOjOy wdu- 
tion trreen 


Preseoce of S. 


2. The sulistance bums completely 
. I»ut slowly away, glowing when 
strongly iM'atiMl. This effect is b<"8t 
seen by heating it strongly on I*t- 
foil by din'cting the blowpipe flanie 
on the under surface of the toil. 


Prow nee of ('. 



• The most common sulphides which fK>sses.«» metallic lustre an* 
copper pjfrites and iron pjfrite*, which resemble brass in appearance, 
9^i galena^ which resemoles lead. 
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After completing the preliminary examination pro- 
ceed as is directed in 332. 

No acid radicle need be tested for except S, As and P, 
which are most easily detected after they have been con- 
verted into acids by oxidation : a portion of the finely- 
powdered substance is dissolved in strong HNO3, and this 
solution is diluted with water : H2SO4 is then tested for 
by BaClj and H3PO4 and HsAs04 by AmHMoO^ (352). 

THE SUBSTANCE IS INSOLUBLE BOTH IN 

WATER AND IN ACIDS. 



367. It may consist of any one of the following sub- 
stances ; those included in brackets being less likely to 
occur than the others, since they are soluble when heated 
with sufficient water or acid. As will l)e seen below, the 
color frequently serves to indicate what substance is 
present. 

1. White: BaSO^, SrS04, (CaS04), PbS04, (PbCla), 

AgCl,* SiOa, (AlA ignited), SnO^, SbA, Sb^, 
CaFj. 

2. Dark colored : ignited FcjOa (dark brown or black), 

ignited Ci'gOs (dark green or black), FeCr204 and 
ignited PbCr04 (dark brown), C (black). 

3. Yellota : S, AgBr,* Agl,* (Pbl^). 

An insoluble silicate may also be present. For a fuller 
description of these substances see 475. According to 
the color of the substance, examine it by 368, 369 or 
370. 

368. The substance is white. If sufficient substance 
is available, try the following preliminary tests ; if not, 
proceed at once to 368a. Pour upon a small jwrtion a drop 
of AmjS ; if it blackens, the presence of Pb or Ag is prob- 
able; if it becomes yellow or orange red, the presence 
of Sn or Sb is probable ; pass on to Test III. in the fol- 
lowing table. 

If no change of color is produced by AmgS, try Tests 
I. and II. 



* Darkens quickly in sunlight, and slowly in ordinary daylight. 
19 
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ANALYSIS OF A SIMPLE SUBSTANCE. 



[368. 



Experiment. 



I. Moisten a clean loop 
of platinum wii*e, im- 
meree itiu the puwdered 
substance, and heat the 
adhering powder for a 
short time strongly in 
the inner blowpipe 
flame : moisten the loop 
with a drop of strong 
RCl, and hold it in the 
Bunsen flame. 



Obtervation. 



II. Fuse a portion of the 
substance, mixed with 
Na^COa in fine powder 
in a cavity scoopeid upon 
a piece of wood charcoul 
in the inner blowpipe 
flame produced from a 
spirit lamp flame. 



III. Mix some of the 
fliiely-powdered sub- 
stance with powdered 
Nu^COs AQ^ KCy on a 
small cavity made in a 
piece of wood charcoal 
and heat the mixture 
in the inner blowpipe 
flame. 

If metallic globules form, 
detach one and strike it 
smartly with the pestle 
on the inverted mortar. 
Also take a globule on 
the point of a penknife 
and try if it marks paper 
Rs black lead does. 



A yellowiah green flame. 



A erimeon flame, appear^ 
ing deep red through the 
indigo prism. 

A reddish flame, appear- 
ing dusky green through 
the indigo prism. 



The cooled nuuH, if de- 
tached from the char- 
coal, placed upon a 
bright silver coin, and 
moisteneii with water, 
gives, when crushedwith 
the blade of a knife, a 
black stain. 



Wliite metallic maffeable 
globules, which mark 
I>aper, and if dissolved 
in HNOg give a white 
precipitate with H^4 ; 
a yellow incrustation is 
also formed on the 
charcoal. 

White metallic malleable 
globuIoH which do not 
mark paper : they dis- 
solve in H(>1, the solu- 
tion giving a white pre- 
cipitate with HgClo. 

White metallic brittle 
globules, which, if dis- 
solved in boiling HCl, 
give an orange r^ pre- 
cipitate with HjS: white 
incrustation. 

W^hito scales, no incrus- 
tation : the metal is 
insoluble in HCl, and if 
dissolved in HNOj gives 
no precipitate with 
U2SO4, but a white pre- 
cipitate with HCl ; the 
original substance is 
instantly blackened by 
a drop of Am^, and is 
dissolved on being 
warmed with Am HO. 



Inference. 



Presence of Ba. 



Presence of Sr. 



Presence of Oa. 



Test for 
SOfby 
Exp. II. 



Presence of a sufykate. 

Note.^It SO4 ie not 
found, test for F by 338 
or 29€, and further 
examine the sabstance 
by 368a. 



IVesenee ofFbtm chloride, 
sulphate, or chromate. 

Refer to the note below 
this table. 



Presence of SnOf. 



Pmenee ofSbfO^ orSbtO^. 



Presence of AgCl, [See 
also 368a]. 



Note. — Boil some of the substance with much water, add 
HNO3 and AgNOj, a white precipitate shows presence of PbCl^. 

Test for chromate by fusing in a porcelain crucibk^ with 
Na^COj-l- KjCOs; a yellow mass on cooling shows presence of 
PhCrO,. 

The presence of PbSO| may be proved by Test II., and by 
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pouring upon the original substance HjT, then excess of AmHO, 
and boiling : filter if necessary, acidify a portion of the clear 
solution with HA, and add K^CrO^, a yellow precipitate ; Pres- 
ence of Pb. Acidify another portion with HCl, and add BaCl, 
a white precipitate insoluble on boiling : Presence of SO^, 

If none of the substances mentioned in the above 
table have been detected, test for AI2O3 by heating the 
substance strongly on charcoal in the outer blowpipe flame 
after moistening it with Co (N03)2 solution, a blue mass 
shows presence of Al^O^, 

If AI2O3 is not found, fuse some of the substance in a 
clear bead of NaAniPH04, it floats undissolved : — Prea- 
ence of SiO^ or a silicate. Proceed to 368a. 

368a. Fuse a portion of the finely-powdered substance, 
mixed with four or five times as much fusion mixture, 
for several minutes in the blowpipe flame on a piece of 
platinum foil, or in a porcelain crucible if Pb or Ag is 
present; boil the cool mass with water, filter and wash 
the residue. 

Examination of undissolved reiidue. — Heat the residue 
with dilute HNO3 ; if it does not dissolve, decant the 
acid and heat the residue with a small quantity of dilute 
HNO3 and HCl mixed : if the residue is still undis- 
solved, it must be fused again with fresh fusion mixture, 
and treated as is directed alx)ve. 

The acid solution is examined for the metal by 339. 

Examination of the water solution. — When the metal 

f)resent has been detected, it will usually be possible to 
imit the number of acid radicles which need be tested 
for by referring to the list in 367. Tests are given 
below for all acid radicles likely to occur in insoluble 
substances : separate portions of the water solution are to 
be used. 

Sulphate: acidify a portion with HCl and add BaClg, 
a white precipitate will form. 

Chloride : acidify a portion with HNO3 and add 
AgN03, a white precipitate is produced, which is easily 
soluble in AmHO. If the precipitate produced by 
AgN03 has a yellow tinge and is not easily soluble in 
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AmHO, add to a fresh portion of the water solution a 
little CSj, then acidified CaCljO solution, drop by drop, 
shaking well between each addition, a brown coloration 
of the CSg shows a bromide^ a violet coloration an iodide. 

SiliccUe : make a portion acid with HCl and evapor- 
ate to perfect dryness; if on warming with dilute HCl 
an insoluble residue is left, this proves the presence of 
silica or a silicate. 

Fluoride : acidify with HA and add CaClg, a gelatin- 
ous white precipitate forms. Confirm by tests (338 or 
296) tried on some of the original substance. 

369. The substance is dark-colored (367, 2). 

Place some of the substance on a piece of platinum foil 
and heat the foil strongly on its under surface by the 
blowpipe flame : — 



The whttance burnt atoajf 
ilowly but completely : — 

Pretence of O. 



The mbstance doea not bum away : place upon it 
three or four times aa much powdered KajOOs 
and KNO3, and fuse for some time : — 



1. The substance dissolves, forming a yellow maai 
when cold : — Pretence of Cr^Oi. 

2. The substance remains undissolved as a dark 
brown powder, and the mara on cooling is 
white : — Presence of Fe^O-^.* Confirm by boil- 
ing the mass with water, filtering and foaiDg 
the brown residue into a borax bead (100). 



370. The substance is yellow (367, 3). 

Heat a portion of it strongly in a small ignition tube; 
one of the following results will (xjcur : — 



R fueee and mhlime$y the sutili- 
mate being yellow and melting 
to reddish brown drops when 
heated : — 

Preeence of S. 
Note. — If the substance sublimos en- 
tirely, it consists only of sulphur. 



// /uiKu, but does tio( snlMme. 
Exaintno a portion of the suliatAnco 
for Ag and Pb and for Br and I by 

3t»a. 



* FeCrs04 shows both reactions 1 and 2, since it contains both Fe 
and Cr. 
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ANALYSES OF SIMPLE SALTS, SHOWING 
HOW TO ENTER RESULTS. 



A. Liquid given for analysis. 

Prdiminary Examination for the Metal. 



Experiment 


O^bservation. 


Inference. 


1. Noted the color of the 
liquid. 


Blue. 


Presence of Cu. 


2. Dipped into it a piece 
of blue litmus paper. 


The paper was turned 
red, but on addition of 
NagCOa no efferves- 
cence occurred. 


Presence of a salt with 
acid reaction. 


3. Eraporated a few drope 
slowly upon a watch 
glass. 
Ignited the residue 
strongly. 


Pale blue residue left. 


Presence of some dis- 
solved solid. 


Blackened without smell 
of burning. 


Absence of organic acid 
radicles. 


4. Added KHO solution 
and boiled. 


No smell of NH«. 


Absence of NH4. 


6. Dipped a loop of plat- 
inum wire into the 
solution and held it in 
the flame. 

6. Dipped a clear borax 
bead into a portion of 
the residue from :i, and 
fused in the outer and 
inner blowpipe flame. 


Bright green flame ; on 
moistening the wire 
with strung HCl and 
again holding it in the 
flame it gave a blue 
coloration. 

In outer flame the bead ' 
was green whilst hot, 
blue when cold. 

In inner flame it be- 
came colorless. J 


Presence of Cu. 
Presence of Cu. 



Preliminary Examination for the Acid Radide, 



Experiment. 


Observation. 


Inference. 


1. Added dilute U^Of 
and warmed. 

2. Added strong HSSO4 
and warmed. 


No gas was evolved. 

No gas was evolved. 
And no red fumes on add- 
ing Cu clippings. 


Absence of carbonate, 
sulphite, sulphide, and 
nitrite. 

Absence of chlorate, &c. 

Absence of nitrate. 



19* 
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Examination for the Metal, 

To a portion of the liquid added HCl: — 



No precipitate, I Added strong HsS-water: — 

Absence of Group I. 



A brownish black precipitate. Presence of Sn^', 

Hg^^ Bi, Pb, or Cu. 
Allowed the precipitate to settle, poured off as 

much of the liquid as possible and boiled the 

precipitate with excess of NaHO, it remained 

undissolved. 
Since the original solution was blue, a clean knife 

blade was dipped into a portion of it acidified 

with HsS04, red copper was deposited on the 

steel : — 

Presence of Ou. 



EcaminoMon for the Acid Radicle. 

Added HCl and BaClj; a white precipitate was pro- 
duced which did not disappear on boiling : Presence of 
sulphate. 

Found Ouy SO^. 



B. Liquid given for aiuilyms. 
Preliminary E.rami nation for the Metal, 



Experiment. 



1. Noted the color of 
the liquid. 

2. Dippi'd ro<I litmus 
pAper into the liquid. 

3. Evai)orated a few 
dro|w to dryness upon 
a watch glam. 

Ignit4'd the residue 
strongly. 

4. Boiled a t^irtion with 
exci'tw of Kilo. 



01«ervation. 



Light yellow. 



It was turned faintly 
blue. 

A yellow residue re- 
mained. 

No blackening. 



No smell of NII3. 



6. Dippe<l a l«M)p of plat- A [nilo viuh«t flame, 

inum wire into the I ap|H*aring rrimson 

Bidution, and held it in through the indigo 

the Ruti8(m flame. | prism. 



6. DipiMMl a clear lM)rax 
lK>ad into the redidne 
from '\ and fum>d in 
the outer and inner 
blowpipe flames. 



( )ut«>r flam*' : hnnm, 
hut ; (jrtrn, cold. 

ItiiHT flani"' : <jreen^ 
liitt and cold. 

lirinrn color not 

rcupiH'aring in the 
outer flame. 



Inference. 



Presence of a neatrml 
chromate. 

I*rol»able preeenc« <^ an 
alkali salt. 

Presence of some dis- 
solved solid. 

Alisence of organic acid 
radicle. 

Absence of NH4. 



Pn'«fnc»" of K. 



Prf<H?nce of Cr 
(-hn»niat4>. 
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Examination far the Metal. 

Since the liquid was alkaline in reaction^ added to a 
small portion of it a few drops of HNO3 until it became 
acid, this produced no precipitate. 

To another portion added HCl, the liquid turned from 
yellow to orange red, indicating presence of a neutral 
chromate : 



No 

precipiiaie. 

Aboence of 

Group I. 



Then added Hj^-water and warmed : 



The liquid be- 
came grt.>en, 
and white 
S was de- 
poeited: 

iVcMiMJc of a 
chromate. 



To another portion of the original solution added AmCI, then 
AmllO, no precipitate formed : then added Am^ and boiled : 



No precipitate in the cold, 
but on boiling a green 
flocculent precipitate gra- 
dually formed, evidently 
consisting of Cr2Hoe re- 
duced from the chromate. 



Added to another portion of the 
solution AmCl, AmUO, and 
Am2CX)8: 



No precipitate. 
Absence of 
Group rv. 



Added to the 
same portion 
NasHP04 and 
stirred : 

No prec^ntate. 
Abtence of Mg. 



Since K was found by the flame coloration in the 
preliminary examination, its presence was confirmed by 
stirring a portion of the solution, to which a few drops 
of HCl had been added, with PtCl4 on a watch glass ; 
a yellow crystalline precipitate forming on the lines 
rubbed by the rod : Presence of K, 

Found K, CrO,, 

C. A white ci'ystaUine substance given for analysis. 
Boiled a small jK)rtion with water; it dissolved com- 
pletely. 

Preliminary Examination for the Metal. 



Experiment. 



1. Heated in a small dry test-tube. 



2. Dipped a loop of moistened pla- 
tinum wire into the powdered 
Bulwtance, moistened with 8trung 
HCl and held in the Bunsen flame. 

3. Heated a small portion in a cavity 
on wood charcoal in the inner blow- 
pipe flame. 



4. Fused on charcoal in tho inner blow- 
pipe flame with NagCOs and KOy. 



Olwervatlon. 

The substance gjive off red 
fumes and oxygen gas, 
which inflamed a glow- 
ing splinter of wood. 

It left a yellow residue. 



A pale blue flame. 

Deflagration occurred. 

A white malleable globule 
remained which easily 
marked paper. A 
yellow incrustation. 

Sjime result as with 3. 



Inference. 



Presence of a nitrate of a 

heavy metal. 
Presence of Pb, 8n, or Bi. 



Presence of As, 8b, Pb. 

Presence of a chlorate or 
nitrate. 



Presence of Pb. 
Presence of Pb. 
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ExamincUion for the Metal in Solution. 

Boiled a portion of the powdered substance with 
water, cooled, added HCl to a part of the clear solution^ 
a white precipitate was formed, which disappeared on 
boiling, but appeared again in the crystalline form on 
cooling the liquid {probable presence of P6). 

Confirmed the presence of Pb by decanting the liquid 
and boiling the precipitate with Am HO, it remamed 
white and did not dissolve; decanted the ammoniacal 
liquid, dissolved the precipitate in a little HA and added 
KjCrO^, a yellow precipitate : Presence of Pb. 

Since a nitrate was found in the preliminary examina- 
tion, its presence was confirmed by adding strong H^SO^ 
to the aqueous solution of the substance, and pouring 
solution of FeS04 carefully upon the cooled liquid in 
a test-tube ; a brown ring formed on the surface of the 
acid : Presence of NO^. 

Also some of the solution when heated with Cu and 
strong H2SO4 evolved reddish brown fumes : Presence 
of NO,. 

Found Pb, i^Oj. 



D. A white powder, emitting no smell, given for an- 
alysis. 

Boiled some of the jwwderod substance with water, it 
did not dissolve : added a few drops of strong HCl and 
boiled, the substance dissolved completely (absence of 
Group I.) without effervescence. 

Preliminary Examination for the Metal: 



Experiment. 



Obttervation. 



Inference. 



1. Heated in a Binall dry test-tiilK', 



2. Dipped a moistoiied loop of pla- 
tinum wire into the p«»w<l<)rjl nnl>- 
Htance, nioiHteuod the |)(i\mI<t with 
strong HCl and held it in tiu- 
Hunsen tlame. 

.'). Heated a portion of the iM)\vd('r 
strongly on charcoal in the inner 
blowpiiN) flame. 



No change. 



No tlunie coloration. 



Till- t«uN«tanr«' did not fui*f. 

A wliit<- liitiiinouti reaiduo, 
which when nioi^ened 
on red litmiw paper 
Hhowed an alkaline re- 
action. 



Absence of voUtile and , 
fusible sulietAnces and 
of water of cryitallixa* 
ti«»n, Ac. 

Pn)I«alile abeenc« of K, 
Na, Ba, Sr, (^ Cu, Ac. 



Absence of alkali ntlt 



Presence of Ba, Sr, Oa, 

Mg. 
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Examination of the Solution. 

To a portion of the HCl solution added HgS- water; 
no precipitate: Absence of Group IL 

To another portion of the HCl solution added AmCl 
and AmHO in excess, a white flocculent precipitate : then 
added AnijS, the color of the precipitate was unchanged. 

To a few drops of the HCl solution added KHO, drop 
by drop, until a white flocculent precipitate formed, then 
added excess of KHO and boiled, the precipitate did not 
dissolve, and it did not become discolored in the air: 
Presence of Ba, Sr, Cfcr, Mg as phosphate, oxalate, etc. 

Added a drop of the original HCl solution to some 
AmHMo04 solution in a test-tube and warmed gently, 
a yellow precipitate : Presence of PO^, 

To another portion of the cold HCl solution added 
AmHO, drop by drop, whilst constantly stirring until a 
precipitate formed which did not redissolve, then added 
HA and NaA solution until this precipitate dissolved 
when the liquid was well shaken. FcgClg was added 
until the liquid appeared red ; it was then boiled and 
immediately filtered. To the filtrate AmHO was added 
in excess and the precipitate filtered off, then Am2C03 
was added, a white precipitate formed : Presence of Ba, 
Sr or Ca. 

Filtered and dissolved the precipitate by jwuring upon 
it a few drops of boiling HCl ; dipped a loop of platinum 
wire into the solution and held it in the Bunson flame, 
a red flame appearing dingy green through the indigo 
prism : Presence of Ca. 

A few drops of the solution boiled with CaSO^ gave 
no precipitate, proving the absence of Ba and Sr ; the 
presence of Ca was therefore confirmed by the formation 
of a precipitate on adding to the rest of the solution 
excess of AmHO, and then AmgCgO^. 

Found Ch, PO,. 



E. A white odorless poicder given for analysis. 

Boiled a portion of the substance with water, it did 
not dissolve: added HCl and heated again, it dissolved 
completely (absence of Group I.) without effervescence. 
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EXAMPLES OF ENTRY 



Preliminary Examination, 



Experiment. 


Observation. 


Inference. 


1. Heated a portion in a 
small dry test-tabe. 


The substance blackened 
slightly ; it erolyed 00^ 
which turned a drop of 
lime-water milky. The 
residue in the test-tube 
effervesced with HCl, 
whereas the original 
substance did not. 


Presence of an organic 
salt of K, Na, Ba, 8r, 
Oa, or Mg. 


2. Held a portion of the 
Bubstanoe on a loop of 
platinum wire in the 
Bunaen flame ; then 
moistened with HCl 
and again held in the 
flame. 


A red coloration, appear- 
ing dtuky green through 
the indigo prism. 


Presence of Ca. 


3. Heated on charcoal in 
inner blowpipe flame. 


A white luminous mass 
remained, which when 
moistened on red lit- 
mus paper turned it 
blue. 


Presence of Ba, 8r, Oa, 

or Mg. 



Examination for the Metal, 
Added to a portion of the HCl solution strong HjS-water. 



No precipitate ;- 
Absence of 
Group II. 



To another portion of the HCl solution added 
AraCl, then AraHO in excess, a white prec^ntaU 
formed; added Am^S, the color of the precipi- 
tate remained unaltered. 

To another portion of the solution added RHO, 
drop by drop, until a precipitate formed, then 
more KHO and boiled ; a white precipitate in- 
soluble in KHO, and not darkening in the air; 
— Presence of oxalate^ phosphate, tj*r., of alkaline 
earths. 

Since the presence of an oxalate of an nlkali or alka- 
line earth-metal was indicatc<I in the preliminary 
examination, a portion of the original substance 
was heate<l on platinum foil, then dissolved in 
HCl (effervescence) and to the solution excess of 
AmllO and of AnijCO, was added. The liquid 
was warmed and put aside till the precipitate 
subsided, then the liquid was decanted and the 
precipitate <lissolvod in a few drops of 11(^1. 

A platinum wire <lif>pe<l into this H<'1 solution 
gjivc a red flame coloration, appearing dusky 
f/reen through the indigo ]>riHm : — Presence of 
Ca. [Confinned by another portion of Ibis HCl 
solution giving a white precipitate with excess 
of Am HO and Am^C^O^.] 
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The presence of C2O4 was confirmed by heating some 
of the original substance with strong HjSO^ : gases were 
evolved which rendered milky a drop of lime-water and 
burnt with a blue flame, showing presence of CXDj and 
CO : Presence of CjD^. 

Found Oa, C2O4. 



F. A yellow, meUjUlic-looking svhstance given for an- 
aJyais. 

Preliminary Examination. 



Experiment. 


Observation. 


Inference. 


1. Heated a portion of 


A yellow sublimate 




the substance strongly 


formed which melted 




in a sniall tube closed 


into brown drops : a 




at one end. 


smell of burning 8 was 
evolved, and a piece of 
pa|ier dipped into 
KoCrsO? solution when 
placed in the mouth of 










the tube became green. 


Presence of S. 




A brown residue left. 


Probable presence of Fe. 


2. Heated strongly on 


Strong smell of burning S. 


Presence of 8. 


charcoal in the inner 


The residue fused into 




blowpipe flame. 


a dark-colored glob- 
ule, which when cold 
was strongly attracted 






by the magnet. 


Probable presence of Fe. 


3. Heated a fragment 


A gas was evolved which 




strongly in a glass tube 


had a suffocating smell, 




open at both ends, 


and which turned 




and held obliquely 


KjCrjO; paper green. 


SO2 from combustion of S. 


in the flame. 







Solutio7i of substance. 

Warmed the powdered substance with a mixture of 
strong HNO3 and HCl, it dissolved completely; boiled 
down in an evaporating dish, adding strong HCl several 
times ; when nearly dry, dihited with water. 

Examination of the solution for the Metal. 

Since the substance dissolved entirely in the presence 
of HCl, Group I. is absent ; to a portion of the solution 
added HjS- water : 
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EXAMPLES OF ENTRY 



The solution be- 
came colorless, 
and white S was 
precipitated : — 
Probable presence 
of a ferric salt. 



To another part of the solution added AmCl, then 
excess of AmHO, a brown flocculent precipitate 
formed : to a fresh part added excess of KHO, 
brown flocculent precipitate insoluble in KHO, 
Presence of Fe^^\ 

Confirmed the presence of Fe by adding to a fresh 
part of the original solution KCyS solution, a 
blood-red solution ; Presence of Fe^^\ 



Confirmed the presence of S by adding to a part of 
the original solution BaCIg, a white precipitate formed 
which did not disappear on boiling : Presence of 80^ 
derived from oxidation of sulphur. 

Found Fe^ S: 



G. A white powder ffiveii for analysis. 

Boiled a small portion with water, it did not dissolve. 
Boiled another portion with HCl, it did not dissolve: 
added HNO3 and heated again, the substance was not 
dissolved. Hence the substance is insoluble in water 
and in acids, and since it is white, it can only l)e BaSO^, 
SrSO,, (CaSO,), l^bSO,, (PbCl^), AgCl, SiO^, A\f)^ 
SnO.^ SbA or CaF2. 

Poured AnigS upon some of the substance, its color 
was unchanged : Probable absence of Pby Ag, Sn, Sb. 

Preliminary Examination, 



Ex|K>niiient. 



1. Took »>me of the 
powder up with a loop 
of nioiHt plHtinum 
wirp, ijjnitiHl it 
strongly in the inner 
bluwpifie ttanio, nioia- 
teiuHl it with IICI, 
and held in the Bun- 
sen flauie. 

2. Fused a portion with 
NaoCO, on charcoal 
in 'the inner blowpipo 
flame, plac(>d the 
cooled niaM on a 
bright shilliiiK, and 
moistened it with a 
drop of water. 



Oboervation. 



Inference. 



A yellowish green color- 
ation. 



Presence of Ba. 



A black stain on the Presence of S. 
coin. 1 
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Examination of the Solviion. 

Fused some of the powder with fusion mixture on 
platinum foil : boiled the cold mass with water ; filtered. 

Filtrate: made acid with HCl and added BaClj, a 
white precipitate, which did not disappear on boiling 
the liquid : Presence of SO^. 

The residue on the Jitter was well washed with boiling 
water, and boiling dilute HCl poured upon it, it dis- 
solved completely. 



Absence of 
Group I. 



To a portion added strong H^water and heated : 



I 



No precip' 

Hate. 
Absence of 
Group II. 



To another portion added AniCl, then AmUO in exceas, 
then AnijS, and boiled : 



No precip- 
itate. 
Absence of 
Group III. 



To another portion of the original solution 
added AmCl, AniHO, and Am^GOt : 



A white precipitate: Presence of Ba, Sr, 

or Ca. 
A platinum wire loop dipped into the 

original solution gave a yellowish green 

tint to the Bunsen flame : 
Pretence of Ba. 



Fmnd Ba, SO^. 
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SECTION YL 



FULL ANALYTICAL COURSE AND TABLES. 



INTRODUCTORY REMARKS. 

After having tried the reactions in the fourth sectionj and 
learnt how to detect the members of each group occurring singly 
or together, substances containing any memoers of any or all 
of the groups should be analyzed. The substance given for 
analysis should be either a liquid or a solid, since the fiiU an- 
alysis of a gaseous mixture is not provided for in the following 
course. 



Preliminary Examination of Complex 

Substances. 

374. Before proceeding to employ the full course of 
analysis for substances of complex composition it will 
be well to examine a few substances for metals and acid 
radicles by the preliminary tables given in paragraphs 
383, 384, 385 et seq. For a detailed account of any of 
these tests the student must refer back to the descriptioD 
given of it in the fourth section. 

375. A little study of these tables (388-415) will 
show that they contain certain principal tests marked 
thus, — "Exp. I.;" these stand in the first column: in 
the second column are j)laced the results which may be 
noticed on trying these experiments ; a glance through 
these will forewarn the student of what has to l)e looked 
for. The main clas.si fixation of the observations which 
may l)e made is indicatiMl by largo-ty|K' letters ; the 
subsidiary divisions are marked by small numbers and 
Uallc^'iy and the individual results are simply placed in 
succession in a vertical column. 

218 



\ 



876, 376.] ANALYSIS OF COMPLEX SUBSTANCES. 219 

Occasionally an observation is made which it is ad- 
visible to confirm by an additional experiment : this 
eonjirmat07*y test is then entered in the first column just 
below the original observation, and is marked Con- 
firmutory to distinguish it from the main experiment ; 
its results are placed beside it in the second column. 
The student must understand that any of the results 
entered in the second column may be obtained. 

A few salts and mixtures such as those mentioned in 
6G0 should be subjected to a careful preliminary ex- 
amination by the student, and the results obtained should 
be carefully entered^ as soon as they liave been obtained^ 
in the tabular form, as is shown in 488. 



Full Examination of Substances in Solution. 

After having become familiar with the preliminary 
examination of solid substances the student should fully 
analyze some easy substances containing only a few metals 
and acid radicles, b^inningat paragraph 385 and follow- 
ing up the preliminary examination by dissolving the 
substance and making a systematic examination of its 
solution. In examining the solution for metals the 
following general explanation should l)e attended to : 

376. It is necessary first to separate the metals into 
groups by adding the group reagents in such order that 
each precipitates the metals of one group only, leaving 
in solution the metals of all other groups which may be 
present. 

This is effected by adding the group reagents as is 
directed in the General Table (419) ; the Group Table, 
on pages 178, 179, furnishes a convenient explanation 
of this scheme. 

The first reagent added is HCl, which precipitates only 
the metals of Group I. and leaves the metals of Groups 
II., III., IV. and V. in solution ; hence, if a precipi- 
tate is obtained on adding excess of HCl, it is filtered off, 
and any member or members of Group I. will then be 
present upon the filter, whilst the members of all other 
groups remain in the filtrate. 
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On passing H2S into the filtrate,* metals of Group II. 
alone will be precipitated and may be filtered off. 

The filtrate,* after removal of HjS and oxidation of 
any Fe by boiling it with HNO3, may be mixed with 
AmCl and excess of AmHO ; the AmHO will precipi- 
tate any members of Group III.A, Group III.b and Mg 
remaining dissolved by the AmCl. 

The addition of AmjS to the filtrate* will then sepa- 
rate Group III.B as sulphides. 

Group IV. is precipitated from the filtrate* by the 
last group reagent, AmjCOj, and the filtrate* is examined 
for Group V., the members of which, not being pre- 
cipitated by any group reagent, may now be present in 
solution. 

377. Addition of redgents in excess, — Each group 
must be completely precipitated before adding the next 
group reagent ; hence it is necessary, if any precipitate 
has been formed by a group reagent, to add that reagent 
in excess before proceeding to add the next one : unless 
the presence of each reagent in excess is made certain 
before proceeding, much confusion may l)e caused. 

The general method for ascertaining that a group re- 
agent is present in excess consists in adding a few drops 
more of it to the liquid, which has been rendered clear 
by letting the precipitate settle or by the filtration of part 
of it; if any further precipitate is formed, the whole of 
the liquid should be well stirred with more of the re- 
agent, and the clear filtrate again tested in the same way; 
this process must be repeated until no further precipitate 
is caused. 

In certain cases this method of prcxM^eding is rendered 
unnecessiiry, the excess of a reagent Ix^ing detectable by 
its smell after the solution and reagent have been well 
mixed and the air above the liquid has l)een blown out. 
This is the c^so, for example, with H,San(l with AmHO. 
In other aises, as, for example, with yellow Anv^, the 
excess is seen by the color of the filtrate. If, however, 



♦ Or solution, supposing no precipitate to have been obtained, and 
filtration, therefore, to have beer unnecessary. 
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an acid or alkaline substance is to be added in excess^ the 
student should always prove the excess by the use of 
test paper. 

378. Washing gi^oup precipitates. — Before examining 
each group precipitate it is necessary that it should be 
washed thoroughly from adhering solution^ as is de- 
scribed in Exp. 52 (31) ; this must also be done in the 
separations by filtration described in the Group Tables. 
If the washing has not been satisfactorily carried out, 
many complications may arise. 

379. Evaporation before precipitating the Third 
Group. — Certain organic substances hinder or prevent 
the precipitation of the members of Group III.A, by 
AmHO : these are usually detected in the preliminary 
examination, and if they are detected, it is necessary to 
destroy them by evaporation and ignition before pro- 
ceeding to precipitate Group III. 

Evaporation to dryness and gentle ignition are also 
necessary to separate SiOj, which, if it remained in 
solution, might be mistaken for AljHgOg. 

But if organic substances, borates, fluorides, and 
silicates are known to be absent, it is sufficient to boil 
the filtrate from Group II. until it no longer smells of 
HjS, then add a few drojis of strong HNO, and con- 
tinue to boil the liquid for several minutes, in order to 
completely remove HjS and to convert ferrous into ferric 
salts. 

The separation of the sub-groups III.A. and III.B. 
in the general table (419) is never complete: for an 
account of more exact methods the student is referred to 
paragraphs 459 et seq. 

The method of examining the precipitates in Group 
III. may also be influenced by the presence of a phos- 
phate in the solution : this is fully explained in 463. 

380. It will be seen that the full course of analysis is 
so arranged that it serves not only to detect what is pres- 
ent in a substance, but also to prove that all else is 
absent : this is usually the object in view when analyzing 
an unknown substance. 
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The process may in most cases be shortened by using 
separate portions of the solution : the plan adopted in 
the general table of working throughout with the whole 
of the solution is however preferable, since it enables the 
analyst to form an opinion as to the relative quantities 
of the different substances present ; and this is usually 
important. 

An example of entry of results is given in 488 ; it 
will be seen that the form adopted is that of the analyt- 
ical tables. 

Substances for analysis are mentioned in 560, 561. 

The student will do well at first to gain much ex- 
perience in the analysis of easy mixtures, which are com- 
pletely soluble in HCl and contain no cyanogen, organic 
salts, silicates or phosphates precipitable in the Third 
Group, The analysis will thus be much simplified, since 
it will be unnecessary to evaporate the filtrate from the 
second group to dryness, or to follow any special method 
of precipitating and examining Group III. 

When the ordinary course of analysis has been mastered, 
substances should be attempted in which the above com- 
plications exist : and finally minerals, water residues 
and artificial products and bye-products should be 
analyzed, in which minute traces of their constituents are 
carefully looked for. 

It will be unnecessary to do more than mention the 
extreme importance of the spectroscope in rapidly dis- 
covering certain substances, especially when they are 
present in minute quantity only (42). 



ANALYTICAL TABLES. 



GENERAL COURSE OF ANALYSIS FOR SOLID 
AND LIQUID SUBSTANCES. 



381. Unless cyanogen is known to be absent, it must 
be tested for in a small portion of the substance by the 
tests described in 304, 306. If cyanogen is detected, 
refer to 482 et seq. for the preparation of the solution 
and the method of analysis. If cyanogen is not present, 
the substance is examined by 383, 384 or by 385 et 
seq., according as it is a liquid or a solid. 

382. A silicate may also be tested for by fusing some 
of the finely-powdered substance in a bead of microcos- 
mic salt (294). If a liquid is being examined, a portion 
of it is evaporated to dryness, and the solid residue is 
then examined. 



I. THE SUBSTANCE FOR ANALYSIS IS A LIQUID. 

383. Test it with blue litmus paper and with either 
red litmus or turmeric paper : one of the following re- 
sults will be obtained (34) : — 

l,Itis neutral, not changing the color of either paper: this 
shows the absence of acids ana alkalis and of salts witn acid or 
alkaline reaction. The salta of Ag and Mg and certain salts of 
Am, Na, K, Ba, Sr and Ca arc the only neutral soluble salta. 

2. It is acid, turning blue litmus red : this proves the pres- 
ence of an acid, or of a salt with acid reaction. 

3. It is alkaline, turning red litmus blue, or turmeric brown : 
indicating the presence of Am, Na, K, Ba, Sr or Ca as hydrox- 
ide, or of a salt with alkaline reaction, 
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384, Evaporate a few drop of the liquid upon 
platinum foil, thin glass or porcelain, smelling it occasion- 
ally :— 

1. A vendue is left. — ^Examine the liquid by the further pre- 
liminary tests in 384: or evaporate a portion of the solution to 
dryness in a porcelain dish, avoiding heating the substance after 
it IS dry, and examine the residue by the preliminary tables for 
metals and acid radicles (385-417). Examine the larger part of 
the solution for metals by the general table (419), paying 
attention to 420 : reserve the rest of the solution for the ex- 
amination for acid radicles by 440 et seq, 

2. No residue is left, — The liquid must consist of some volatile 
substance, probably of water ; this is either pure or contains 
certain gases or volatile substances, such as (NHJ^OO., 00„ 
NH„ HCl, Br. These may be detected by their smell, oj the 
action of the liquid on litmus paper or by special tests. If the 
liquid has no action on litmus, no smell, leaves no residue on 
evaporation and is tasteless, it is pure water. 



11. THE SUBSTANCE FOR ANALYSIS IS A SOLID. 

385. Carefully note the appearance of the substance. 
If it is lustrous and metallic^ refer to 467 for the 
method of analysis ; if it is non-metallic in appearanoBy 
proceed to further examine the substance as follows : 

Note down anything that can be learned about the 
physical properties of the substance by the use of the 
senses^ aided by a magnetized penknife blade and a lens 
or microscope. 

Note especially whether the substance consists of more 
or less sparkling particles with similar geometrical shape, 
when it is said to be crystalline ; or whether the particles 
are amorphous and irregular in shape. 

Also test the hardnesSy by ascertaining whether it is 
readily powdered ; or, if the particles are sufficiently 
large, by finding the ease with which they are scratched 
by the point of a penknife ; very hard substances, such 
as quartz, cannot be scratched by a knife. 

Try whether it is magnetic by immersing the tip of a 
magnetized blade into the finely-powdered substance, and 
seeing whether the particles are attracted ; Fe and certain 
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of its compounds are the most powerfully magnetic 
bodies known, but Mn, Ni, Co and certain of their 
compounds are also magnetic. 

Note also whether the substance possesses any char- 
acteristic 8mM or color. The following are some of 
the more commonly occurring colored compounds ; 

Blue : hydrated cupric salte, and anhydrous cobalt salts. 
Qreen: certain Fe^^ salts are pale green ; CuClj, salts of Ni, 

manganates, and certain compounds of Cr are intense 

green. 
Yelmo : HgO, normal chromates ; Fe^^'' salts are brownish 

yellow. 
Red : HgO, Hglj, HgS, PbgO^ ; dichromates are orange red. 
Pink : salts of Mn are delicate pink ; hydrated salts of Co 

are reddish pink. 
Brown: Fe-Oa, PbO,; PbO is light brown. 
Black: CuO, MnO,, SbjSj, FeS. 
White: anhydrous salts of Cu and Fe^'', and many other 

substances. 
Oolorless: a large number of colorless substances are known ; 

these, as well as many of the faintly-colored bodies, 

yield white powders when crushed. 

386. After completing the above examination the 
solid substance is reduced to the finest powder possible 
by rubbing it in the mortar. An ordinary Wedgwood 
mortar may be used for powdering substances which 
are pretty soft; but hard rocks and minerals frequently 
require to be first crushed in a clean, bright steel mortar, 
by blows of a hammer, and to be afterwards pulverized 
in an agate mortar. 

The subsequent chemical examination of the sub- 
stance is very greatly facilitated by carefully reducing 
it to an impalpable powder, which does not feel gritty 
when rubbed beneath the pestle or between the fingers. 

387. A portion of this powder is submitted to the 
tests described in the following preliminary examina- 
tions for metals and acid radicles, the remainder being 
reserved for the fuller method of examination by solution 
(418 e^ seq.). 
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PRELIMINARY EXAMINATION. 



[888,889. 



Experiment 



888- Exp. I.— Heat a small 
quantity of the substance 
in a small teat-tube or 

f>iece of hard glass tub- 
ng drawn off at one end. 



ConHrmatory. — The subli- 
mate is carefully exam- 
ined, if necessary, with 
the aid of a lens. 



889- Ont^rmalorf/. — Heat 
another portion of the 
Bubetance, mixod with 
about three times as 
much NajCOj in fine dry 
powder and a little KCy 
in a tin>e closed at one 
end (147). 



L 



Obaerration. 



A. The substance does not change. 



B. The substance changes. 
1. It ek€mg€$ color : — 



<( 



whUe^ cold, 
ye^otc •* 
gMm ** 
red- ) „ 
brown) 



Yellow, hot. 

YeOoWf brown 

Yellow-brown 

Dark red or ) 
black ; 
The substance blackens — 
a. Emitting a smell of burning. 
The black carbon may be 
burnt off by strongly heating 
on platinum foil with the 
blowpipe flame. 

Smell of acetone. 
Smell of burning sugar. 
6. Emitting no smell of burning. 
The color is not remored by 
ignition, as under a. 



2. Jl Ams, and becomet 
again on cooling. 



•dUd 



3. 12 MiMtfiM*. 

White, crystalline (sparkling) subli- 
mate. 

White, non-crystalline sublimate. 

Black sublimate, becomes red when 
rubbed. 

Yellow sublimate. 



Sublimate of reddish drops, ) 
which are yellow when cold, j 

Yiolet vapor, cooling to blackish 
crystals. 

Grey mirror, which when rubbed 
with a splinter of wood or a glass 
rod, or when examined by a lens, 
is seen to consist of globules of 
Hjf. 

Blackiflh brown, shininK mirror, and 
smell of garlic ; no globules. 



Infereoce. 



Ahaenoe of ory— fa tob- 
•tances whkh black- 
en and gire off aanell 
of burning; of voIa* 
file substances which 
sublime ; of nib- 
stanoes which are 
altered by ignition ; 
and of waUtr com- 
Uned with or ab- 
sorbed bT the aab- 
stance, which would 
be erolred as steam 
and form drops on 
the side of the tube. 



ZttO. 
PbO. 
SnO^ or Bi,(V 

Presence of organic 
matter. 



An acetata. 
A tartrate. 
Probable preaence 
Ck) or Gu salta. 



of 



Salts of alkalis or oer- 
tain salts of the alka- 
line earths. 



Compounds of Am, Aa^ 

Hg ; or f^ 8 or L 
Hga„ Ai|0^ 

Probably Am aatt. 
HgS. 



{ 



HgU, 
when rubbed. 



S free or fhmi certain 

polysnlpbidesL 
Presence of I. 



Presence of Hg. 



Presence of Am. 
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ExperlmeDt. 



890. Oonflrtnatorp.—Pour a 
little strong KIIO solu- 
tion upon some of the 
sulwtauce and heat to 
iMiling ; or mix some of 
the sulietance with soda- 
liuie in a mortar, and 
moisten and heat 



891. Confirmatonf.—Eiuaa- 
ine the drops of water on 
the sides of the tube with 
blue and red litmus 
papers. 



892. Cbii/frmalory.— Intro- 
duce a burning splinter 
of wood into the tube. 

898. Or>n/lnnalory.— Intro- 
duce a glass rod moistened 
with lime-water into the 
tube. 



Observation. 



894. Ooi^/Irmiiiory.— Intro- 
duce a glass rod or slip of 
paper moistened with 
KjCr^. 



896. OmfirvMtory, — Intro- 
duce a glass rod carrying 
a piece uf moist litmus. 

896. Ow/rma/ory.— Intro- 
duce a glass rod vrith 
moist starch powder on 
its end. 



NHg is given otL, known by its smell 
and by turning moist r«d litmus 

Caper blue or turmeric paper 
rown ; the change in color is 
only a trustworthy indication if it 
occurs very soon, as tlie Nllg in 



laboratory air often 
occur after a time. 



causes it to 



4. The tubtloMee gim» ojf water. 

It Aises first, then gives off water, 
and again becomes solid if the 
heat is continued. 

It swells up considerably whilst 
giving off its water. 

The water is alkaline. 

The water is acid. 



Inference. 



5. Qua or vapor u gwen off.* 
a. It i$ mthout gmeU. 

It bums more brightly, and if in- 
troduced with a spark at the end 
is inflamed. 

The flame is extinguished. 

The lime-water turns milky. 

The lime-water does not turn milky, 
but the flame la extinguished (31^). 



6. The gcu or tnipor htia a tmeil. 

Smell of burning S. 
The KjOsO; turns green ; moist 
blue litmus is also reddened by the 



Reddish brown nitrous fumes are 
given off, known by their peculiar 
smell, and by not coloring starch 
paste orange red. 

Smell resembling CI : — 

Yellowish gas, which bleaches moist 
litmus. 



Brown vapor, which colors the 
moist starch powder orange red. 

Violet vapor, which colon starch 
solution blue. 

NHg is smelt. 



Presence of NH4. 



Presence of water, ab- 
sorbed oro(Mnbined. 

Water of crystaUixa- 
tion. 

Borax and certain bo- 
rates, alums and 
phosphates. 

Probably MH4 com- 
pounds. 

Presence of volatile 
acids : e.g., HN^ 
UCl, U,S04. 



from chlorates ni- 
trates, peroxides, etc. ; 
or possibly N^O. 

CX),orN. 

CX)} from carbonates, 
oxalates, etc 

N from AmMQi proba- 
bly. 



SO* from o(HnbQBtion of 
free S, or fhmi acid 
sulphites, thiosnl- 
phates, reduction of 
sulphatesor oxidation 
of sulphides. 

Nitrates of heavy met- 
als {e.g. of Pb, Bi, 
Hg, etc.). 



CI from certain chlo- 
rides. 



Br from certain bro- 
mides. 

I, ft-ee or from certain 
iodides. 

NH4 or cyanogen com- 
pounds. 



* This vrill usually be shown by effervescence of the substance ; if the gas or vapor is 
not detected by its color or smell, it can only be found on testing for it specUlly by 392 and 
993. 
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PREUMINARY EXAMINATION 



[897-^99. 



Experiment 



897. Exp. II.— Dipaniui»- 
tcned loop of platinum 
wire, which gives no color 
to the Bunsen flame, into 
the Bubetance, and hold 
the loop with the adher- 
ing powder near the top 
of the Bunaen flame, or 
in the inner blowpipe 
flame. Then moisten 
with a drop of strong 
HCl and heat again. 
Continue the heating 
until no further change 
occurs in the color of the 
flame. 

The flame coloration should 
also be carefully exam- 
ined by means of the 
spectro8cope.(42). 

floU.—lt silicic acid is 

Sreeent, the coloratious for 
L and Na usually show 
only after ignition of the 
powdered substance with 
powdered CaS04 



898. Exp. III.— Iloat the 
finely-powdered mibetanco 
in a small cavity scoo|hh1 
in a piece of wood char- 
coalf in the blowpipe 
flame. 



899. Or)n/lrwia/«ry.— Detach 
a portion of the riK»I r«ni- 
duo from the chanxMil, 
place it upon u piece uf 
nxl litniU8 pii|)or, and 
moisten with a drop of 
water. 



Obaenration. 



c. The gas ean be ignited^ and bunu 
at the mouth of the tube unth a:— 

Pale yellowiah green flame, more or 
less explosive. 

Bright tehite flame, producing white 
fumes ; the unburnt gas smells of 
garlic. 

Peacfi-bloeeom colored flame. 



A. The substance colors the flame : 

1. Inlenee yellow. 

Examine the flame through 
the indigo prism ; a crimson 
color is seen. 

2. Pale violet^ crimson through) 

the indigo prism. / 



3. YellouHak green. 



4. OtnMom, same 
indig«> prism. 



through 



the) 



6. Orange redy dingy green ) 
through the indigo prism. / 

6. Bright green. 

A blue color is seen after 
moistening with strong IICl. 



7. Blue 



/ Tutenae. 
\Licid. 



B. The substance does not color the 
flame. 



A. The substance decrepitates, or 
crackles. 

B. The substance deflag^tes, or 
causes charcoal to bum rapidly. 

c. The substance fuses easily, and 
is absorbed by the charcoal, or 
fomui a ll(|uid bead. 

D. An infusible residue is left on the 
charcoal. 



1 . The reeidue i$ tehite and very !«• 
minout. 



The paper turntt blue, showing the 
n*8iduo to be alkaline. 



Inference. 



NHa probably from 
strongly heated 

NH4NO,. 

PH3 probably from a 
hypophoq)hite. 



Cy from a cyanide, prob- 
ably from Ugl'yt. 



Na. 

Presence of K or Sr, 
both. 



K. 



Ba probably. 



or 



Sr. 



Ca. 



CuorBjOs. 

Cu. 

CuGft CuBr.. 
Aa,8r ~ 



(b, Pb. 



Probable absence of the 
above. 



NACl and certain other 
crystalline salts. 

Clilorates, nitrates, 
etc. 

Salts of alkalis and cer- 
tain salts of the alka- 
line earths. 



Probably BaO, 81O, 
TttO, »Ig<», Al^»3 
ZnO(or8i(i,). 

BaO, SK), OiO, and 
possibly MgO. 



400-404.] FOB METALS IN COMPLEX SUBSTANCES. 
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Experiment 



400. Cbn/bfiui/orv.— MoiH 
ton the residue on the 
charcoal when cool with 
several drops of Co(N03)s 
solution, and heat again 
strongly in the outer 
blowpipe flame. 

401. Cbi^rmo/ofy.— Heat 
a small quantity of the 
substance in a clear col- 
orless borax bead, first 
in the outor^ then in the 
inner blowpipe flame. 



408. Oifufirmatorjf. —The 
presence of Mn and Cr 
may be confirmed by 
fusing the substance 
with NasGOs and KNO, 
on platinum foil. 



408. 0>n/lrmalory.— Heat 
also some of tlie sub- 
stance, mixed or covered 
w^itb powdered KCy and 
Na,008 or K.C{Ox, on 
charcoal in tne inner 
blowpipe flame. 



404. Oonfirmatorif. — De- 
tach several of ttie glob- 
ules with the point of 
a knife, and strike them 
on the bottom of an in- 
verted mortar with tlie 
pestle ; if they flatten to 
a cake they are maUea- 
bUf if crushed to a pow- 
der they are brUtU. Try 
also if a globule, fixed 
on the point of a knife, 
marks paper. 

Aofa.— The appearance 
and inalleability of one 
roduced metal U tn- 
aueiilly much altefnl by 
tne prestMice of another. 

21 



Observation. 



A blue residue, the color of which 
does not disappear with intense 
heat 

A pimk residue. 

A green residue. 



t 



2. ThereeidHeU 

Ck)lor 

In outer flame. 

Greettf hot, and 

hlue^ cold, 
fifaie, hot and 

cold. 
Violet, hot, and 

yeUow, cold. 
Brotn»-red,hot: 

yeUov, cold. 
Qreenf hot and 

cold. 
Beddiak pmrpU, 

hot and cold. 



colored. 
of bead : 

In inner flame. 
Colorlet«, or 

red, cold. 
&ue, hot and 
cold 

Grey or opaque. 

OUvegreeu, hot) 
and cold. / 

Qreen, hut and 
cold. 

Oolorleu, hot 
and cold. 



lAght geOovD mass on cooling. 



Biue-green mass on cooling. 



Inference. 



3. The reeidue u colored or me- 
taUic acale$ or globulus are teen. 

The substance is reduced to the 
metallic state. (See 407. ) 

a. Without incrustation. 

BrUliatU white metal. 
Yellow metal. 
Red scales or globules. 
Grey powder, attracted by a mag- 
netized knife-blade (407). 



6. With incrustation. 



Globules. 
White,maUeable, 
not marking 
paper. 

White, briUU. 

White^matleabU, 
marking paper. 

WhUe, brittle, 
giving white 
fumes. 

White or none. 

White or none. 

None. 



Incrustation. 
None or very 
sUght. 



(hrmge, hot. > 
Fe/Joir,cold. ; 
Yellow, hot and 
cold. 

White, close to 
substance. 



} 



Yellow, hot 
White, cold. 
Reii-brown,eaiii\y 

volatilized. 
WhiU, and white 

fumes ; smell 

of garlic. 



AljOs, and some ph<«- 
phates, silica tuM, 

and borates. 

MgO. 

ZnO. 



On. 
Ck). 
Ni. 
Fe. 
Cr. 
Mn. 

Cr. 



} 



(See 402.) 



Mn. (See 406.) 



Au, Ag, Cu, Pb, Sn, 8b, 
Bi ; [Co, Ni, Te, Mn, 
form grey powderal. 

Au, Ag, Cu, Co, NI, 
Fe, Mn. 

Ag. 

Au. 

Cu. 

Fe, Co, Ni, Mn. 



Sn. 



Bi. 
Pb. 

Sb. 



Zn. 

Cd. 

Am, 
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PRELIMINARY EXAMINATION 



[405-409. 



Experiment. 


Observation. 


Inferences. 


405. Kxp. IV.— Fuse 
some of the subHtance, 
mixed with Na^COs, od 
charcoal in the inner 
blowpipe flame produced 
from a spirit-lamp; re- 
move the fiwed mass 
when cold, place it on 
a bright silver ' coin, 
moistened with a drop of 
water, and let stand for 
several minutes. 


On rinsing off the substance, the 
coin is found to be stained bUM;k 
(228). Also, if a drop of HCl be 
placed upon the mass, a smell of 
HvS is perceived, and lead-paper 
isDlackened. 


Presence of S, finee or 
combined. 

NoU. — Since this 
reaction serves to 
detect 8 and sulphur 
acid radicles, it more 
properly belongs to 
the preliminary ex- 
amination for acid 
radicles: it is, however, 
best tried here. 



Notes to the Preceding Preliminary Table. 

406. The green color produced by Mn conceals the light 
yellow due to Cr; on boiling the residue with water it gives a 
pink or purple solution, the color of which is best seen on 
filtering: this color is due to the formation of KMn04, and 
shows Mn to be present. On acidifying this solution with HA 
and boiling again for several minutes, the purple color is de- 
stroyed; and on filtering, the yellow color due to Cr is seen: 
the presence of Cr may oe further confirmed by the formation 
of a yellow precipitate in the acid solution on addition of PbA,. 

407. The metal is best separated and examined by detaching 
the mass when cold from the charcoal, and powdering it by 
crushing in a mortar or on a watch glass with a little water, 
letting stand for a short time, and then quickly pouring off the 
water down a glass rod or pestle, which is wetted and pressed 
against its ed^e; by several times repeating this operation, the 
heavier metallic particles alone are left in the mortar or watch 
glass (40). 

409. Note. — When the substance to be examined contains 
several bodies, they frequently more or less mask one another's 
reactions: thus Co, if mixed with Fe, will give a bead green 
whilst hot and blue when cold, thus resembling Cu, but dif^ring 
in remaining blue in the inner flame: hence the composition 
of many complex mixtures is only roughly indicated by the 

f)reliminary examination, and must be confirmed and estab- 
ished in the wet way. Many substances, more particularly 
minerals, however, can be completely analyzed by a carefiu 
preliminary examination. 



410, 411.] 



OF A COMPLEX SUBSTANCE. 
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PRELIMINARY EXAMINATION FOR ACID 

RADICLES. 



410. The substauce is required for this examination 
in the state of powder or of strong solution. 

If the substance given for analysis is a solution, part 
of it may be evaporated to dryness : the dry^ residue is 
then finely powdered and subjected to the following 
tests. If several acid radicles and metals are present, 
the reactions may be more or less perfectly concealed or 
altered ; hence failure in obtaining a certain reaction does 
not in all cases necessarily prove the absence of an acid 
radicle. 



Experiment. 



411. Exp. I.— Treat 
some of the sub- 
stance with dilute 
HCI and note the 
result, then heat 
moderately. 



Obsenration. 



Dip into the HCI solu- 
tion a strip of tur- 
meric paper. 



One or more of the following 
gate* may be evolved : — , 

A colorless gas without 
smell, which turns milky 
a drop of lime-water on 
the end uf a glass rod. 

A gas of suffocating smell, 
which turns a drop of 
KjCrsO; solution green. 

Yellow S is precipitated 
at the same time. 

A gas with fetid odor 
which blackens a drop of 
PbA) solution, or a piece 
of lead paper (416). 



Beddish fumes. 

A yellowish green gas, of 
suffocating smell, which 
bleaches moist litmus 
paper, is evolved : — 

a. In the cold ; and also 

evolved on adding HA. 

6. Only when heated. 



A colorless gas, smelling 
of bitter almonds. 



Inference. 



C0| from a carbonate. 

SOs from a sulphite, or 
from a sulphate in the 
presence of AsjOa or other 
reducing substance. 

SOs and S from' a thio- 
sulphate. 

HgS fh>m a sulphide ; or 
possibly from a sulphite 
or thioeulphate, if Zn or 
other reducing agent be 
present. 

N|Os from a nitrite. 



On drying this paper at a 
gentle heat, it becomes 
reddish brown. 



01 from hypochlorites. 

a from action of HCI 
oxidizing substances: «. 
MnOj, chromates, 
trates, chlorates, Ac. 

HCy flpom a cyanide. 



on 
ni- 



Presence of a borate (283). 
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PRELIMINARY EXAMINATION 



[412^14. 



Experiment. 



418. Exp. II.— Heat 
another portion gently 
with strong H2SO4. 
Ko attention need he 

paid to gases evolved in 

Exp. I. (411). 

ObnflmuUory — Mix some 
of the substance with 
MnO) /Vm from ehto' 
rids, add strong H,S04 
and warm. 



418. Ckn^/bmuUorjf — Drop 
into the hot liquid a few 
small pieces of copper. 
If no brown fumes are 

seen proceed tu 414. 

414. OM^rma/ory.— Boil 
some of the substance 
with water, or take some 
of the solution if a 
liquid ; cool, add about 
twice as much strong 
H1SO4, cool, and pour 
cold solution of FeS04 
carefully in upon the 
top of the acid liquid. 



Observation. 



1. A gas is evolved with 
pungent smell, which 
fumes in the air, and 
renders milky a drop of 
AgNOa solution made 
add with UNO,. 

A ifeUow gas is given 
off with strong smell 
which bleaches moist 
litmus paper (417). 

Brown vapor is given 
off which colors a little 
moist starch powder 
orange red. 

Violet vapor is given 
off, which colon a drop 
of starch paste blue. 

2. A heavy fuming suffo- 
cating gas is evolved, 
and the liquid behaves 
as if the glass were 
greasy , on rinsing out 
tiie tube, and drying 
it thoroughly, the in- 
side is seen to be 
corroded and dimmed. 

3. The acid fumes are 
reddish, usually seen 
only on heatmg after 
adding a few fragments 
ofCu. 

A dark brown ring or 
layer forms upon the 
surface of the acid, 
beet obtained on cool- 
ing the liquid by im- 
mersing the test-tube 
in cold water. 



4. The acid is colored 
reddish yellow, and a 
yellow gas is evolved 
which smells like CI 
and bleaches litmu** . 
on heating the acid 
explosion or crackling 
occurs. Confirm by 
252. 

6 The substance changes 
from yellow to green, 
being evolved, as is 
shown by a glowing 
taper. 



Inference. 



HCI, HBr, HI, HF^from 
chloride, bromide, 
iodide, or fluoride. 



Probably Gl fh>m a 
chloride. 



Br from a bcomkUi. 



I from an iodide. 

HF fh>m a fluoride : con- 
firm by 296. 

The HF acting upon the 
silica of the glass evolves 
SiFf, which is detected 
by holding a moistened 
glass rod in the gas, SiO^ 
is deposited as a gela- 
tinous film upon It 

Presence of nitrate. 

If iodide is present it 
must usually be sepanUed 
byCu^04(266) before a 
nitrate can be detected. 



Presence of a nitiata. 



Presence of a chlorate. 

For detection of a ni- 
trate and chlorate when 
mixed, see 25A. 



Presence of a chromate. 



* HF would render the drop milky by depositing SiO, frt>m 
its action on the glass, but it is distinguished by corroding 
412, 2, note.) 



8iF4, formed by 
the glass. (8se 



41&-417.] 



FOR ACID RADICLES. 
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Experiment 


Obsenration. 


Inference. 


415. Om^firmalorf.—Add 
a UUle alcohol to the 
substance and heat 
withH^4. 


6. Yellowish green gas, 
with saffocatiug smell, 
which bleaches moist 
litmus. 

7. The same gas as in 6, 
but colored reddi$k 
broum by nitrous fumes : 
or colored reddish 
brown by CrOGlt. 

8. Substance does not 
blacken, buterolves CO 
which bums with a blue 
flame, and COs which 
turns a drop of lime- 
water milkj. 

9 Substance blackens, 
and SOj is smelt. 

10. A smell of acetic acid 
or rinegar is noticed. 

Strong fragrant odor. 


CI from a hypochlorite 
(detected already in 411), 
or from a chloride in 
presence of MnOs, Ac 

A chloride in presence of 
a nitrate or nitrite. 

A chloride in presence of 
achromate. 

Presence of a tartrate. 
HX from an acetate. 

Ethyl acetate fh>m an 
acetate. 



Notes on the Preceding Table. 

416. The 8 present in sulphides which are not decomposed 
by dilute HCi is detected by fusing the powdered substance 
with two or three times as much fusion mixture (Na,CO, + 
KjCO,) in a covered crucible, boiling with a little water, and 
placing a drop upon a bright silver coin, when a dark stain 
will be produced ; or by adding excess of an acid to the solu- 
tion, when H^ will be evolved. Smaller quantities of S may 
by detected by the formation of a black color or precipitate 
on adding PbA, to the solution of the fused mass. 

417. Chlorides treated in this manner evolve CI, recognized 
by its color, smell, and bleaching action on litmus paper ; but 
this test for chlorides is trustworthy only if the precautions 
stated in 259 are attended to, since many samples of MnO, 
evolve CI when warmed with H^04. 
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EXAMINATION FOR METALS 



[418. 



EXAMINATION FOR METALS. 



The preliminary examination of the solid substance 
must be followed by preparing a solution of it, and sub- 
mitting this to the more full and systematic examination, 
which commences in 419. This is often termed "The 
Examination in the Wet Way." 



Process of Solution. 

418. A portion of the solid, reduced to an impalpable 
powder (386), is Jboiled in a flask or boiling tube with 
distilled water : if it dissolves entirely, proved to 41 9. 

If the powder does not dissolve, allow the liquid to 
stand until the undissolved portion has in great part 
settled, then decant through a filter : the filtrate is Solu- 
tion I. : — 



Renduf in flatk : Iwil with dilute Ha (418a), allow any residue to settle, 
decant thr«uigh the filter used above (4186) ; repeat this procefls and 
finally b«>il the residue with strong HCl, let settle, decant thiMUgb the 
filter :— 


FSUraUiM 
Solution II. 


ReMue: heat with dilute, then with strong HNOs (418e), 
as was directed above for IICl ; decant throagh the 
filter:— 


FiUralei$ 
Solution III. 


Retidue may be wanned for a short time 
with a mixture of strong HNOs (386a) 
with three times as much HCI ; if this 
does not dissolve it, dilute and decant 
the acid mixture through the filter : — 


FSUraleii 
Solution TV. 


Reaidne : wash well with 
water, dry, and examine 
as directed (476 «l 9$q.) 
for substances inaoluDle 
in water and adds. 



Solutions I., II., III., IV. need not be examined 
separately. Add to I a few drops of dilute HNO,, and if 
no precipitate is produced (420), acidify it with HCl, add 
also to Solution III. some HCl : any precipitate caused 
by HCl in these solutions is filtered off and examined 
by Trible I. The Solutions I., II., III., IV. are then 
niixe<l together, and any precipitate produced by mixing 
them is examined by 475 as an insoluble substance. 
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It is best to boil down Solutions III. and IV. consid- 
erably, in order to get rid of most of the HNO, which 
they contain, before mixing them with I. and II. The 
solution is then examined by 419. 

Notes on the Process of Solution. 

418^- Any changes which occur on the addition of 
HCl should be noted down. Notice especially whether 
any gases are given off: many of these may be recognized 
by their smell, but a closer examination of them may be 
n^lected, as they will have been already obtained in 
the preliminary examination for acid radicles (411). If 
the gases come off from the aqueous solution on adding 
HCl, or on mixing the HCl and aqueous solutions, Ihey 
must have been present in salts soluble in water, prol> 
ably salts of alkali metals ; if they are evolved on treat- 
ing the residue insoluble in water with HCl, they were 
present as salts insoluble in water. 

418&. On cooling the hot HCl solution crystals often 
separate ; these usually consist of PbClg, rarely of BaCl2: 
BaCl2 will, however, dissolve easily on the addition of 
water. The crystals are filtered off and dissolved in a 
little boiling water ; Ba is easily found by trying the 
flame coloration given by the solution, and if on addition 
of K2Cr04 to the solution a bright yellow precipitate 
forms, the presence of Pb is proved. 

If Pb has been found and a residue is left after treat- 
ment with HCl, this residue, which may consist of PbClg, 
may often be dissolved by boiling it with water, the use 
of HNO3 being thus avoided. 

418c. HNO3 seldom requires to be used in dissolving 
a substance, and it should be employed only in very 
small quantity, since in the course of analysis it decom- 
poses H2S with separation of S, unless the solution is 
dilute and cold (423), and thas hinders the precipitation 
of Group II. 

If a complex solid mixture is given for analysis, and the only 
object is to obtain a solution as rapidly as possible, the sub- 
stance may be at once boiled with aaua regia for a few minutes, 
then diluted and filtered : the residue is examined as a sub- 
stance insoluble in water and acids (475 et seq.) : the filtrate is 
evaporated nearly to dryness, dilute HCl is added, and the so- 
lution is examined by the General Table (41 9). 
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GENERAL GROUP TABLE FOR 



[419. 



419. GENERAL TABLE FOR SEPARATION OP 

ranVcm ^ ^^® substance for analysis is a liauid with neutral or alkaline re- 
both pages, may be at once examined as directed oelow. 

In this table, and also in the Group Tables which follow, it has been 
absent, no precipitate will be produced when the reagent is added for 
then treated as a filtrate. 



Add to the greater part of the " original Bolation "* HCl ; if any precipitate is fntKluoed, 



The precipitate may con- 
tain— 

PbClf-iriUto. 
AgOl — irJk»t0. 
Hg«Clt-HoAile. 

(See 422.) 



Examine the precipitate 
by Table I. (433). 



Abte.— When the hot HCl 
eolation ia cooled, PbClf 
often separatee in white 
crystals. The absence of 
Pb is not proTed, if it is 
not precipitated in this 
group, as PbCU is somewhat 
soluble, and Pb may there- 
fore be found only in 
Group II. 



The filtrate or solution, which must give no further predpi- 
tben diluted with water (425), unless it is already dilate ; 
seTeral minutes (426, 426a) and filtered : 



The precipitate may con- 
tain— 



Hg&— 6Iadfc. 
PbS— Modk. 

CuS— blodt. 
GdS— yeUow. 

%t&— brown. 
Sn&— fsOoiff. 
8b]^— -oroNf^. 
AssSr— yeflotr. 

[PtS^-Wodfej' 



Insoluble 
in KHO 
and in 
Am^S. 



Soluble 
in KHO 
and in 
Am^S. 



Examine the precipitate ai 
once by Table II. (436). 



NoU 1. — Any precipitate 
formed on boiling the 
filtrate will hare to be 
added to the above. 

NoU 2.— Unless the liquid 
has been sufficiently di- 
luted some of the above 
metals may be afterwards 
precipitated by Am^S in 
Group III., and cause 
much confudon. 



The solution or filtrate to di- 
cipitated: as 1000 as H^S 
dish unUl it ceases to smell 
and the residue gently ignit«d 
heated, then water to added ; 

Add a few dn^ of the add 
tate shows the prmmt* of a 



Add to the rest of the HCl «>la- 
any predpltate whidi maj 
(429): if a pboqihat^to 
phates are absent, proceed as 

[M>f«.— Bafar to 
The predpltate may oontain— 



Alf Ho«— <iliNOi< colofisM. 
CrsH<i«-lir/A< qrtm. 
FejHoc — roidiithh r o m m. 



Examine the pndpfttate 
Table UI.A (436). 



Notes on the General Table. 

420. If the liquid under examination is alkaline or neutral 
in reaction, before commencing the examination by the general 
table, HNOj must be added in slight excess ; if no precipitate 
forms, proceed at once to examine the liquid by the General 
Table; if a precipitate is produced, more HNO, is to be added, 



♦ By the " original solution " is meant the solution of the substanoe 
if a solid, or the substance itself if a liquid, to which no reagent has 
been added. 



420.] 
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METALS INTO GROUPS BY GROUP REAGENTS. 

action, it requires special treatment (420) ; if its reaction is acid, it 

supposed that all metals are present: if a metal or«*oup of metals is 
its aetection ; and hence no nitration is necessary, the solution being 



oontinao to add HCl as long aa it causes any further precipitate (421), warm and Alter : 



tate on addition of several drops of HCl, is boiled 'down, if necessarj (423), and is 
it is then saturated with HfS by passing the gas through the solution* (534) fur 

luted and HjS is passed again into it, to make sure that Group II. is completely pre- 
produces no further precipitate the clear solution or filtrate is boiled in a porcelain 
of HfS (427), a little strong HNO3 is then added, and the liquid is evaporated to drynrw 
in the dish. When the dish is cool, a little strong HCl is poured upon the residue and 
any undissolved residue is filtered off (428). 

solution to some AmHMo04 solution in a test-tube, and warm gently ; a yellow precipi- 
photphate ; if no precipitate is formed with AmHMoO^, photphatu are nbtent. 

tion AmCl, heat it to boiling, then add AmHO in excess, boil again and filter off 
form as quickly as possible, keeping the funnel closely covered with a glass plate 

2 resent and a precipitate is produced by AmUU, refer to Table III.d (4G^ ; if phos- 
I directed below : — 

463 tt Mq. for full directions for precipitating Groups III.a and III.b.] 



Add to the filtrate or solution, which may be colored (430), Am^ in excess, boil and 
filter:— 



The precipitate may contain — 

Zn&-isMte. 
Mn^-aghtpMt. 
Cos— black. 
ViS—blaek. 

Examine this precij^tate at once 
by Table UI.B (437). 



Add to the filtrate or solution, which must be .dis- 
tinctly yellow or brown (431), AmgCOs, warm gently 
and filter : — 



The precipitate (432) may 
contain — 

BaCOg-^hiU. 
8rC0jr-tr*««. 
C»COs--uhtie. 

Examine the precipitate by 
Table IV. (438). 



The filtrate may contain 
Mg, K, Na. 



Examine by Table Y. 
(439). 



and the liquid heated; should a precipitate still remain, it is 
filtered off and the filtrate examined by the General Table, com- 
mencing with the addition of HCl. 

The precipitate caused and not dissolved by HNO3 ^^7 ^e 
finely-divided sulphur, separated as a white powder from a sul- 
phide, or yellow from a thiosulphate ;f this precipitate 
18 recognized by its color, and by not being separa- 
ble by standing or filtration ; it may be disregarded ; 

* Instead of dilating and passing the gas, H2S solution may be added, 
t Formerly called a " hyposulpnite." 
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there may also be precipitated H4Si04 (gelatinous, almost 
colorless), SnO, or metastannic acid (see 420a), 8b,0s« AgCl (all 
three white), SnSj, As^S, (both yellow), Sb^j (orange). Hence 
a full examination of this precipitate for all that it may contain 
will involve boiling the precipitate with aqua regia, diluting 
and filtering ; the insoluble residue is examined as a substance 
insoluble in water and acids (475) and the aqua regia solution 
is added to the filtrate from the precipitate caused by HNO,, 
any precipitate caused on thus mixing the solutions being ex- 
amined by Table I. (433). 

420a. Metastannic acid is precipitated from a solution of an 
alkaline metastannate by addition of an acid : it forms a white 
precipitate which becomes golden yellow when moistened with 
SnClj solution ; it is further recognized by dissolving in the 
washing water whilst being washed, and being reprecipitated 
when the washings run into the acid filtrate. 

421. Even if HCl has been used in dissolving the substance, 
it is advisable to add a few drops of the acid to make sure that 
no member of Group I. remains. 

422. It must be remembered that strong HCl also precipi- 
tates a strong solution of a barium salt ; this precipitate, how- 
ever, disappears, as PbCl, does, on adding water and heating, 
thus differing from AgCl and HgjCl,. 

423. If HNO3 or aqua regia has been used in dissolving the 
substance, or if the solution smells of CI or SO,, it should be 
boiled down considerably until, after adding HCl and boiling, 
neither of the above gases is smelt ; it is then diluted, and H^ 
is passed at once whether the dilution has caused a precipitate 
or not. 

If As has been detected in the preliminary examination, 
HjSOs should be added until the liquid smells of SO, after hav- 
ing been boiled for a short time: the liquid is then heated for 
some time short of boiling until it no longer smells of SO,. 
This treatment reduces arsenic and stannic compounds to the 
arseniot/9 and stannotis condition. 

In the ciise of As this reduction is to be recommended, since 
arsenic compounds are not easily precipitated by H-S; it is also 
very desirable to reduce stannic compounds, since SnS,, unlike 
SnS, readily runs through the filter, and being yellow in color 
may be mistaken for S. It will, of course, be necessary to ascer- 
tain by special tests (187-190 and 201-203) made on the original 
solution, in which state As and Sn were originally present. If 
any precipitate is produced by boiling with H^SO, other than 
white sulphur, refer to 424. 

424. While boiling with HjSO., some H,S04 *« usually formed, 
whicii may partially or completely precipitate Pb; Ba, Sr as 
white sulphates ; H/SO3 will also possibly precipitate Au, which 
causes the cool liquid to appear blue by transmitted and red by 
roflocted light, and on boiling separates as a black powder. 
Examine any precipitate formed by H,SO, by Table G (434). 
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425, On addition of water, Bi, Sb, Sn may give white pre- 
cipitates of their oxychlorides ; these precipitates may be dis- 
regarded, since H^ readily converts tnem into sulphides. 
■ 426. H^ often causes a fine white precipitate of S, owing to 
the presence of certain oxidizing substances, such as CI, HNO„ 
HCIO3, H^CrO^, H^MnO,, HMnO^, H^SO,, Fe,CL. This pre- 
cipitate is known by its perfect whiteness, and by not being 
separable by standing or filtration ; it may be neglected. Great 
care must, however, oe taken not to mistake S^j for S; it re- 
sembles S in running through filter paper, but is distinctly 
yellow in color ; it may often be coagulated by being shaken or 
neated. 

426a. Certain changes may be observed whilst HjS is being 
passed; they should be carefully noted. Thus Pb and Hg dur- 
ing precipitation by H^S often show characteristic colors (149, 
1^) ; a solution colored reddish yellow by H,Cr04 becomes 

freen ; and a solution colored green by H2Mn04 or purple by 
[Mn04 becomes colorless. 

427. If on boiling the filtrate or solution after passing H^S a 
yellow precipitate forms, this shows the presence of an arsenic or 
a stannic compound ; in this case pass H^S into the boiling liquid 
as long as it causes any further precipitate, or proceed as is 
directed in the latter part of 423 ; filter off and add this pre- 
cipitate to any precipitate already obtained by H^S to be ex- 
amined by Table II. 

428. 8iO.^ and other substances may be present in this residue. 
SiOj is distinguished by readily dissolving in hot KHO solu- 
tion. 

AljOs, Fe^Os, CrjOj may remain undissolved by HCl, if they 
have been rendered diflScultly soluble by the ignition to which 
the residue has been subjected; they may be dissolved by long 
continued heating with strong HCl ; the solution is added to 
the other'solution, which is to be examined for Group III.A. 

BaSO^, SrS04 may also remain undissolved ; they are detected 
by heating some of the residue strongly for a short time in 
the inner blowpipe flame upon a loop of platinum wire, then 
moistening the loop with a arop of strong HCl and holding it 
in the outer part of the Bunsen flame ; crimson red flashes, 
appearing rea through the indigo prism, prove the presence of 
Sr, a yellowish green flame coloration shows Ba. These flame 
colorations should also be examined by the spectroscope (42^. 

The following is a less rapid method of detecting Ba and Sr : 
Dry the insoluble residue, fuse it on platinum fon with three 
or four times as much fusion mixture , allow it to cool, then 
boil with water until the mass is disintegrated, filter, wash the 
residue well upon the filter, and examine it by Table IV. (438) 
for Ba and Sr only. 

429. Mn and Zn are liable to be precipitated with Fe,HgO„, 
AljHfiOg, CraHgOg. The precipitation of Mn is partly prevented 
by keeping the liquid from exposure to the air after adding 
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AmHO ; but the further precaution should be taken of dissolv- 
ing the precipitate produced by AmHO in HCl and reprecipi- 
tating it by AmHO, then filtering and adding the filtrate to 
the original filtrate from the Group III.A precipitate; this 
treatment of the precipitate should be repeated several times, 
if small quantities of Zn or Mn have to be looked for in pres- 
sence of Al or Fe ; or, better still, Groups III.A and III.B may 
be precipitated together (459) and the precipitate examined 
by Tables III.c (464, 465). See rules given in 463. 

430. The filtrate or solution, after the addition of AmCl and 
AmHO, may be colored blue by Ni, broum by Co, or reddish 
violet by CrgH-Oe dissolved in the excess of AmHO. 

The CrjHgOe must be removed before proceeding to ex- 
amine for the remaining groups ; it is reaaily separated as a 
pale green flocculent precipitate by boiline the liquid for a 
short time in a porcelain dish, adding a little more AmHO if 
the liquid does not smell of NH, after being boiled for a short 
time ; this precipitate is filtered off, and the filtrate is further 
examined for Groups III.B, IV., and V. by the General Table. 

The colorations due to Ni and Co differ from that caused by 
Cr,H,Oe in not being removed by boiling the liquid. 

431. A brovm or dark-colored filtrate shows that Ni is pres- 
ent,* some of the NiS precipitated by Am^S having been dis- 
solved in the excess of Am^S and giving the filtrate its dark 
color. If this coloration is noticed, the filtrate should be poured 
into a porcelain dish and boiled, occasionally adding water, if 
necessary, until, on removing the lamp for a short time, the 
black NiS settles, leaving a colorless liquid. The liquid is then 
run through a small filter and the black precipitate is tested 
for Ni by fusing a portion of the filter paper stained by the 
NiS in a colorless oorax bead ; if a bead is obtained which 
when heated in the outer flame is violet or brovm whilst hot and 
yellow when cold, and which becomes grey or opaque in the inner 
flamey Ni is certainly present and neea not be further tested for 
in Table III.B. 

The colorless filtrate is examined by the General Table for 
Groups IV. and V. 

432. Part of the precipitate produced by Am^CO, often 
adheres firmly to the inside of the vessel in which it has been 
produced ; in this case rinse the tube out several times with 
distilled water and then dissolve the precipitate by pouring in 
some hot HA, causing it to_run over the inside of the tube, and 
add this solution to the HA solution of the AmjCO, precipitate 
made in Table IV. 



♦If Groups III.A and III.B have been precipitated together by 
AmCl, AmHO an<l AnioS adiled in succession (459), the brown colora- 
tion of the filtrat<' may also be due to CrjII<;Oe ; on boiling the filtrate 
colored by CrxHsOe in a porcelain dish for several minutes, nale green 
CruHeOe is pre^'ipitated, which cannot be mistaken for bUuk NiS. 



438, 434.] 
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433. TABLE I.— SILVER GROUP. 
The precipitate produced by HCl may consist of PbCl2, 
AgCl, and Hg'jC^: the precipitate on the filter is washed 
five or six times with boiling water, the first portions of 
the washings being kept apart : — 



The first portions of the 
WHehinga may contain 
PbOIt in solution, which 
if present in any quan- 
tity will be deposited 
in bdlliant crystals on 
cooling. 

Test for or confirm the 
presence of Pb, by add- 
ing to the washings 
KsCr04 : a yellow pre- 
cipitate, readily soluble 
in KHO, shows :— 

iVtssNce of th. 



Keaidue : the residue is rinsed into a test-tube 
(33a, /) and boiled with AmHO, then fil- 
tered : — 



FiUrate: add HNO, 
until the liquid is 
acid : a white preci- 
pitate uniting into 
curdy particles 
when shaken or 
boiled shows : — 

J^e$ene4 of Ag. 



Re$kiue on the filter is 
bhick: dry at a gentle 
heat ; scrape the precipi- 
tate off the filter, mix 
with some dry NajCCV 
and heat in a small 
ignition tube (147). 
Globules of Ug are seen 
on the sides of the tube, 
but often only when the 
inside of the tube is 
rubbed with a rod or 
examined with a lens : — 

Pre$ene0 of Hg' 
(Mercurosum). 



434. Table G. — Examination of the Precipitate 
formed on boiling the hcl solution with h^o,. (see 
par. 424.) 

The precipitate produced by' HjSOa may contain Au, PbS04, BaS04, ^^ StSO^ ; 
the iMt three substances are perfectly white, and Au, if present, is therefore usually 
seen by coloring the precipitate brown or black ; the Au is also usually visible during 
precipitation by H^SOs, or after the white sulphates have subsided, since it colors the 
liquid blue by transmitted and reddish by reflected light. 

Ba and Sr can often be at once detected, if present, by taking a little of the moist 
precipitate on a loop of platinum wire, heating in the inner blowpipe flame for some 
time, moistening with HG, and examining the flame coloration ; but a more trust- 
worthy method of proceeding is the following : — 

Rinse the prscipitate into a small porcelain dish, iidng as little water as possible ; 
dissolTe in the liquid a small crystal of H^T or add a few drops of strong HX; then 
add AmHO until it is Just in excess, and boil for a short time, let stand and decant 
through a filter : — 



Solmtion may con- 
tain PbSOf; add 

HA in excess, 
then KsCr04 ; a 
yellow precipi- 
tate solnble in 
KHO shows :— 

ofPb. 



Retidue : pour upon the reddne in the dish a little HCl 
and a few drops of HNOs, heat to boiling^ let stand, 
decant into a porcelain dish : — 



Solution : boil until the 
smell of n is removed ; 
add several drops of 
fresh FeS04 solution ; a 
blue coloration and red- 
. dish precipitate show : — 

of An. 



Be$idtu: dry by gently 
heating the dish, fuse 
with fusion mixture on 
platinum foil, and ex- 
amine the mass for Ba 
and Sr, as directed in 
the last part of 428. 
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435. TABLE II.— COPPER AND 

These linee The precipitate produced by HgS in the HCl solution^ after 
botii'pa^ and boiled with KHO or a small quantity of AnijS,* and 



GROUP II.A— COPPER GROUP. 



435a. T%e residue may contain HgS, PbS, Bi^Ss, CuS, CdS. After having washed the pre- 
cipitate and allowed it to drain, remove it from the filter into a porcelain dish (33<i), 
poor upon it strong HNO3 sufficient to cover it completely, and heat gently as long as any 
red fumes come off, adding more strong lINOg, if necessary, to prevent evaporation to dry- 
nei«. Boil ofT nearly all the acid, add a little dilute HsS04» let stand for some time, 
stirring occasionally, and filter : — 



Residue may contain HgS 
(black), Pl>S04 (white); but 
if iohile, the absence of Ug 
is not proved. 

Remove the residue into a 
j^rcelain dish, using as little 
water as possible ; add a little 

H oT, then AmllO in excess, 
boil and filter : — 



Residue : dry on 
the filter at a 
gentle heat, 
best in the 
steam oven. 
8cra|)e the dried 
residue off the 
filter (note 1), 
and heat it, 
mixed with dry 
NagCOs, in a 
small ignition- 
tul>e ; globules 
of Ilg form on 
the sides of the 
tul^, which 
l»ecome visible 
when rubbe<l or 
when looked for 
by a lens: — 
Presence of llg" 
(Mercuricuni). 



FiUraU may contain Bi, Cn, Cd. 

Add AmHO in excess, boil and filter : — 



Filtrate : 

Add HA in 
excess, then 
K«Crl)4, a 
yellow pre- 
cipitate : — 
Presence of 
Pb. 



Precipitate (not 
easily seen in 
dark blue solu- 
tions) : wash 
with hot water, 
dissolve off the 
filter by ))ouring 
upon it a few 
drops of boiling 
dilute UCl, pour 
this solution 
into a large 
quantity of cold 
distilled water ; 
a niilkiness ai>- 
poaring at once 
or after stirring 
and letting 
stand for some 
time, shows : — 
l\-esence of Bi. 



FiltrtUe, if blue, contains On: (note 
2) add Ha until the liquid is add, 
then pass HgS to saturation, filter 
and wash quickly, keeping the 
filter covered with a glass plat« ; 
rinse the precipitate into a test- 
tube, pour upon it some dilute 
H2SO4, boil and filter through a 
covered filter (note 3) : — 



Note. — A pre- 
cipitate pnxluced 
by Am 110 must 
always be teste<l 
as alMtve for Bi, 
since IM) and Hg 
might {Hwsibly ap 
pear here as white 
precipitates and be 
mistaki'n for Bi. 



Resitlue : dissolve 
by pouring a 
little boiling 
HNOsUtwn the 
filter, add to the 
solution AmHO 
in excess, then 

HA in excess 
and a few drops 
of K^Fe(?ye: a 
chocolate - red 
precipitate 
shows : — 
Presence of Cu. 



Filtrate : add 
much water 
and pass H^S 
for some .time, 
or add much 
HfS water, a 
yellow precipi- 
tate shows : — 
Presmtce of Cd, 

Nots.^It this 
precipitate is 

dark - colored, 
CuS is present 
(see *note 3) : 
filter it off, boil 
it once more with 
U^4 ; filter and 
test the filtrate 
by H«8, as aboTe, 
forOd. 



*if tni'"eK t)f Cu have to Im* testtnl fi»r, NJ48 should Ih« substituttMl ft)r Am^S, since ('u8 ia 

Note 1. — If the residue is too small to beremoved, the portion of the 
paper containing it may be cut up and mixed with Na,C;0,. For the 
precautions requisite in pcrforrainj]^ this test see 147. 

Note 2. — Another method of detecting Cd in the jyretfenceof Cu con- 
sists in adding K(V solution to the blue ammoniacal liquid, and pass- 
ing H.^S; Cd if present falls as yellow sulphide; Cu may then be 
tested for in the tiltrate, which has been boiled down considerably 
with excess of UNO.,, by achling AmllO in excess, then HA in ex- 
cess, and K^FeCHv 

Note 3. — Ilnlcss this precipitate is filtere<l without delav in a cov- 
ered funnel, washed quickly, and examined at once, CuS is liable to 
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AESENIC GROUPS. 

having been washed with hot water, is removed from the filter 



filtered : — 



GROUP II. B. ARSENIC GROUP. 



The jUtraU may coiitoiu AagS*, 9,h^ 81182, SnS, [AujSa, PtSj]. Add to it HCl until it 
is acid, and pa«8 HoS unlea the liquid snielis strongly ; the above sulphides, if 
present, willbu reprecipitated ; a mere milklness due to precipitation of S may be 
disregarded. ^ 

The precipitate is filtered off and examined as directed in 4356 (see note 4, 
below) : — 

4356. Remove the precipitate from the filter into a porcelain dish, using as little water 
as possible ; add a little strong HCl and heat, occasionally dropping in a crystal 
of KCIO3, until the precipitate dissolves entirely or leaves only a slight residue of 
sulphur. Heat this solution just short of boiling (note 5) until it ceases to smell of CI 
(note 6), then cool it and pour it, through a filter if necessary, into a small flask (181) 
containing pieces of pure Zn : if the gas does not come off readily, add a little strong 
HCl, and cause the gas, after passing through some PbA^ solution (see caution 181), to 
bubble through some AgNOa solution contained in a broad test-tube. As soon as 
the evolution of gas slackens, drop in more Zn, unless some remains undissolved in 
the flask, and as soon as the gas ceases to come off, some Zn still remaining undis- 
solved, remove the test-tube containing the AgNOs solution ; if any black precipi- 
tate has formed in this solution it must bo examined as below ; if the liquid has 
remained clear and colorless it may be rejected, since As and 8b are absent. 



Befulue in the flask may consist 
of Sn, (Pt,Au), and excess of 
Zn ; remove any deposit of 
Sn by shaking the pieces of 
Zn well with the liquid and 
quickly t>ouring off into a 
dish, decant the liquid and 
wash the Sn by decantation 
in the dish : boil the residue 
with a little strong HCl in a 
test-tube, then quickly dilute, 
and decant ; [the residue may 
contain Au, I*t (see 474)] : 
add HgC1« to the solution ; n 
white precipitate, becoming 
black with AniHO, shows : — 
l\esence of Sn. 

If HjS has not proved in the 
general table (427) whether 
Sn" or Sn"" is present, refer 
to 201-203. 



To the liquid in the te*(-tube add several drops of 
AgNOg solution, filter : — 



PredpUate : wash well with 
boiling water until HCl 
gives no milkiness with 
the last few drops of the 
washing water, tln-n pour 
ufH.m the filter a little 
boiling dilute 112T solu- 
tion, boil it and pour it 
again through the filter; 
repeat this several times, 
then add to the solution 
HCl and pass H^S ; an 
orange-red precipitate 
showrt : — 

Pre$ence 0/ Sft^ 

Note. — This precipitate is 
often only seen on settling 
from the yellow liquid. 



Filtrate : dilute several 
drops of AmHO largely 
in a test-tube and add 
this liquid, drop by 
drop, to the filtrate : a 
light yellow precipi- 
tate, which settles in 
flocks on shaking the 
liquid, shows : — 

Presence 0/ A$. 

IflloShae not proved in 
the General Table (427) 
or As"'^' 



whether As'" 
is present, 
187-190. 



refer to 



somewhat soluble in Am._.8 ; but Sn"8 and Auo>^3 are nuicli more readily soluble in Am^S. 



be oxidized and to pass into the filtrate as CuSO^ ; it then discolors 
the CdS precipitate, or may be entirely overlooked if present in small 
quantity. It is well to pour a few drops of II.^S water into the funnel 
with each fresh addition of washing water. 

Note 4. — ^The detection of As, Sb, Sn by the method given in 4356 
is very trustworthy and delicate (208) ; it is excelled in these re- 
spects by the method in 210. For beginners, however, the process 
209 is recommended by its greater simplicity. 

Note 5. — ^The solution must not be heated to boiling, else SbCls or 
SnCl4, if present, might be volatilized. 
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Note 6. — In this solution As and Sn will be present as stann- 
icum and arsentcum, and in this state they are not well suited 
for detection : the following modification makes their detection 
much more rapid and certain, especially when they are present 
only in small quantity. After warming until the licj^uid ceases 
to smell of CI, add HjSOs, drop by drop, until the liquid after 
being warmed for a short time smells of SO, ; then heat it short 
of boiling until the smell of SOj is removed, and pour, through 
a filter if necessary, into the hydrogen apparatus. Great care 
must be taken to remove the SO, entirely, else Sb and As may 
remain as sulphides in the hydrogen apparatus. 



436. TABLE III.a.— IRON GROUP. 

The precipitate produced by boiling, after addition of 
AmCl and of AmHO in excess, may contain Al2Hog, 
Cr2HOg, Fe2Ho6 : the color of the precipitate will usually 
show whether it contains any quantity of FcjHog (red- 
dish brown), or Cr2Hog (pale green), since Al2Hog is col- 
orless. 

Dissolve the precipitate in a little boiling dilute HCl 
(33d, e,/), add to the solution pure KHO or NaHO 
until the precipitate remains after stirring, then add 
KHO or NaHO in considerable excess, boil for some 
time and filter : 



1 . Filtrate may con tui n 
AIjHuq diHHoIvcd in 
excess «)f Niillu ; if it 
is green CroIIoo is al«) 
in solution and must 
bo precipitated by fur- 
ther boilinKin a |K)rre- 
lain diHh and tlien re- 
moved by filtration. 

Add AniCI Holution in 
excess to the col<»r- 
lesM rtltrate : a co!t)r- 
less p^elatinous pre- 
cipitate shows : — 

Presence of Al. 

Note. — S<Mlium and 
(wtassium liydrates are 
very liable to contain 
AloII«V) : tlie analvHt 
must ascertain that 
the Al diK'H n«>t come 
from this suurcu. 



2. PrerijiUatr may contain f'rnH(»g and FesH(%. 

Dry upon the filter, carefully avoiding charring the 
paiK>r ; when sufficiently dried the substance will 
have shrunk considerably into small, hard, dark- 
colored pieces ; detach these from the filter and 
fuse them with a little solid Na^CVi, and KN(). 
ui>on a piece of platinum foil, either supported 
n(ion a pi])0-clay triangle or held in the Baoeen 
flame by crucible tongs. Continue the fusion 
by hcAfing the under surface of the foil in the 
blo\vpi|)e flame as long as any frothing occurs, 
then allow to C(m>1 ; a yellow mass indicates the 
presence of ("r (note 1). I)oil the platinum foil 
in a email porcelain dinh with water until the sub- 
stance is entin'ly di^wlved or tmly a dark brown 
[Mtwder (FcoO.,) remains undissolved ; take out the 
foil, allow 'the powder to settle, and decant the 
litiuid through a filter. 



3. FiUrn(^ will lie yellow if 
Cr ifl present (note la). 

Add II A in exreKHnliown 
by the color iKvoniing 
riHldisli, boll for several 

minutes, then add PbA. 
solution ; a yellow pre- 
cipitate shows : — 

PreMeHce of Cr (note 2). 



. Rr*idnf in porcelain 
dish ; di(«tol%'e by pour- 
ing in a little HCl 
and iMiilinur, add some 
water, then a few drops 
of KCyS solution ; a 
bliMid-rt>d coloratioD 
shows : — 

PrtHtne* of Ft (note 3). 
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Note 1. — If Mn was present in the original substance, it is 
often precipitated more or less completely with the Fe, and 
will be detected by imparting to the fused mass a bluish 
green color ; this snould be noted, as the Mn may possibly be 
entirely precipitated in this group, and will then not be de- 
tected in the next group. 

Note la. — The green color, due to the presence of Mn, con- 
ceals the pale yellow color due to Gr ; but on dissolving the 
cool mass m water, and boiling with HA, the manganese color- 
ation is destroyed; and, on filtering from any dark-colored 
precipitate, the yellow color due to Or becomes evident. 

Note 2. — Or may have been present as a chromic salt, Cr re- 
placing hydrogen in an acid ; or as a chromate, Cr being united 
with oxygen to form an acid radicle. Ascertain in which state 
it was present by boiling some of the original substance with 
Na^COj solution and filtering ; a yellow filtrate, which on 
being acidified with HA gives a yellow precipitate with PbAj, 
shows that Cr was present as a chromate ; Cr previously com- 
bined with an acid as a chromic salt remains undissolved as 
green CrjH^O*, and does not color the filtrate ; it is found by 
2 in the preceding table. 

Note 3. — Fe is always detected here as a ferric salt, since, 
even if originally present as a ferrous compound, it will have 
been oxidized by boiling the solution with HNO3 before pre- 
cipitating Group III.A in the General Table. To ascertain in 
which condition Fe was present, boil some of the original sub- 
stance with HCl, filter if necessary, and divide the solution in- 
to two parts : to one portion add K4jFe2Cyi2, a dark blue pre- 
cipitate shows the presence of Fef^ (Ferrosum) ; to another 
portion add KCyS, a blood-red color shows presence of F^^^ 
XFerricum). 

437. TABLE III.b.— ZINC GROUP. 

The precipitate produced by A1TI2S in the solution, or 
in the filtrate from Group III.A, may contain ZnS, 
M nS, NiS, CoS. The color of the precipitate will usu- 
ally show whether it contains any quantity of NiS or 
CoS, which are black, or consists only of MnS 
(pink) or ZnS(white). 

The presence of Ni will have been indicated by the filtrate 
obtained after boiling with AmHO in the General Table being 
blue in color, and by a dark brown filtrate having been obtained 
after boiling with Am^S. If the black precipitate, obtained by 
boiling the dark brown filtrate from Am»S (431), has also been 
proved by the borax bead to be NiS, the further tests for Ni 
m the following table may be omitted. 

22* 
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Remove the precipitate from the filter with cold dilute 
HCl in the way described in par. 33c ; take out the pa|>er 
and allow the liquid to stand, occasionally stirring it well. 
The precipitate will either dissolve, leavmg only white sul- 
phur, in which case the milky liquid may be at once ex- 
amined by 2 (p. 247), or a black residue will be left which 
must be filtered off and examined by 1 (below), the filtrate being 
examined by 2 (p. 247) : 



1. The retidue is black, and may contain NiS, CoS. 
Ejcaminalitm by Uie borax bead. 

Fuse a small quantity in a clear borax bead in the extreme tip of the outer blowpipe 
flame, note its color ; then fuse the bead for some time in the inner blowpipe 
flame, and again observe it« color. Any one of the following observations may be 
made : — 



Blue bead in both flames 
shows : — 

Presence of Co. 

Co need not l>c further 
tested for, but if any 
doubt exists as to the 
presence of Ni, the 
rest of the residue 
must bo examined as 
below. 



Brovm or yettow bead^ 
when cold after fusing 
it in the outer flame, 
which becomes grey or 
oprujue in the inner 
flanu', shows Presence 
of Ni^ Ahuence of Co. 

Unless mere traces of Co 
have to l)e tested for, 
no further examina- 
tion need be made. 



A bead which it neither browm 
nor bliie^ but of some inter- 
mediate hue, on cooling 
from the outer flame, indi- 
catee the probal>le presence 
of both Co and Ni. 

Examine the remainder of the 
black residue as directed 
below for Ni and Co, or for 
Co alone if Ni has been al- 
ready detected by 431. 



Further exianination of the renitlue. — Rinse the residue from the Alter into a porcelain 
dish, using as little water as p<issible : pour in a little strong IICl and boil for 
some time, adding occasionally a sinull crystal of KCIO3, until the black residue is 
entirely dissolved or only a sinall quantity of dark sulphur remains ; then boil 
down nearly to dryncHS, a bluo liquid shows j)re.<ence of Cu ; dilute with a little 
water, Alter, if nec(t«ary, into a lH*ilinK-tulM; and pour in KCy solution slowly until 
the precipitate furniod ut first is just redissohed, boil briskly for several minutes, 
and add much strong No^CL^O, or make decidedly alkaline with NaHO and add 
much Br-water ; heat neuily" to boiling, and allow the liquid to stand at least ten 
minutes, filter : — * 



PrecipUate {black) : wash, 
and confirm the presence of 
Ni by fusing some of the 
precipitate, or the paiwr 
stained with the precipitate, 
in a iMtmx be.-ul in the outer 
and inner blowpi|>e flames : 
a l)ead yeWnr when cold, be- 
coming bUu'k in the inner 
flame, shows : — 

Pretence of Si. 



FUtrale must be warmed with more Na^ClsO or Br- 
water, and filtertHl from any additional precipitate 
which may form, then evaporated to dimness and 
strong IINOs poured upon the residue as long as 
any frothing is caiuied ; this is then evaporated just 
to dryness, the residue dissolved in water, excoas of 
KHO added to it, and any precipitate filt«r«d off 
and fuse<I into a borax beaid, taking the paper 
stuiiKHl by the precipitate if the precipitate is not 
easily removed : a blue bead shows : — 
lYeaenceof Co. 



♦If this precipitate adheres to the sides of the boiling-tube, it is dis- 
solved, after the liqiii<l has been emptied out, by pouring in a little 
boiliii)? nn ; from this solution the Ni is precipitated by addition of 
KHO, and the precipitate Altered off and tested by the borax bead for 
Ni. 
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438. TABLE IV.— BARIUM GROUP. 

The precipitate produced by AmjCOj may con- 
tain BaCOj, SrCOa CaCX), : it is to be well washed with 
boiling water. Before dissolving the precipitate off the 
filter much may usually be learnt l>y an c;in mi nation of 
the flame coloration yielded by the H('l 8()hition (see 1, 
below). The results thus obtained are afterwards con- 
firmed in the wet way (see 2, below). 

1. Examination by flame coloi-atlon. — Take a small 
quantity of the precipitate ofF the filter ujhiii the end of 
a glass rod, and dissolve it by movin^r the end of the rod 
about in several drops of HOI on a wiitch glass ; dij> into 
this solution a loop of platiDuni wire which imparts no 
color to the flame, then hold the loop for some time in 
the Bunsen flame, repeating the process if the coloration 
is not satisfactorily ooserve<i at first. Ca will iini>artto 
the flame a ye/lou-ink red. color, Sr a cnrrwon red, Ba a 
yeUmmah ffreoi. The red colorations yielded by Ca and 
Sr are distinguished by viewing the flame through the 
indigo prism ; the Ca coloration then ap|)ears dingy 
ffreen, whibt the Sr coloration still appears < 
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macraf Ba is usually found by its coloration remaining after the others 
oth pages, their colorations are apt to interfere with one another : but if at 
certainly present ; if a green coloration is visible without using 
should be examined by the spectroscope (42). 

2. Exammation in the wet way, — The rest of the precipitate is 
again boiling the liquid and ix)uring it once more through the 
the solution is acid, and if it is not, add HA whilst stirring until 
solution into a test-tube, and put by the larger portion {B). To 
part of the tube in cold water or holding it in a stream from the 
cipitate forms, refer to Column I. (below) : if no immediate pre- 
then forms, refer to Column II. ; if no precipitate forms even 



he0e lines 
m across 
3th pages. 



I. An immediate precipitate is produced by CaSO^ in the cold, skovnng 

Presence of Ba, 

Portion B must then be tested for Sr and Ca, which may also be pre- 
sent: examine it as directed below:— 

Add KjCrO^ solution until the color of the liquid is reddish yellow; 
heat, and filter through a double filter paper, pouring the filtrate 
through the same filter repeatedly, if necessary, until the liquid is quite 
clear; then add to the liquid, which must be orange red in color, 
AmHO until the color changes to pale yellow, then add Am^CO, 
solution : — 



No precipitate forms, 
showing : — 

Absence of Sr and 
Ca, 



A precipitate formSy showing Sr, Ca, or both of 
them, to be present. Add to the liquid Am^COg 
in excess, filter, reject the filtrate and dissolve 
the precipitate off the filter in as little boiling 
HA as possible ; pour off a small part {A'\ of 
this solution, reserving the larger portion (-o^). 
To A^ add CaS04 solution and boil : — 



No precipitate forms : — 

Absence of Sr. 
Examine portion B^ for 

Ca, as directed at (7, 

in Column III. 



A precipitate forms: 
Presence of Sr. 
Examine portion B^ 
for Ca, as directed at 
C, Column II. 



439. TABLE V.— 

The filtrate remaining after addition to the original solution 
K, Na, and NII4. Since, however, NH4 salts have been added 
NH4 must be detected by boiling a portion of the original sub- 
gas is evolved, which would be recognized by its smell or its 
unnecessary to te^t here for NII4, since it will have been already 
examine for Grouj, V., as directed below. 
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have disappeared. When all three metals are present together 
any time a red color is visible through the indigo prism, Sr is 
the prism, the presence of Ba is proved. The flame coloration 

dissolved off the filter by pouring upon it a little boiling HA, 
filter if the precipitate is not entirely dissolved. Test whether 
the liquid is acid, then pour off a small portion (A) of the acid 
the portion A, after it has been cooled by immersing the lower 
tap, add several drops of CaSO* solution ; if an immediate pre- 
cipitate forms, heat the liquid to boiling, and if a precipitate 
after several minutes, refer to Column III. 



II. A precipitate is not formed at once on 
the addition of OaSO^j but appears on 
boiling the liquidf shomng : — 

Absence of Ba and Presence of Sr. 

C. Portion B is then examined for Ca, 
as directed below : — 

Add dilute H^O^ in excess, boil and filter, 
reject the precipitate ; add to the filtrate 
several drops more H^SO^ and boil; if 
this causes any precipitate, boil and filter, 
and again test the filtrate by addition of 
H^O^ and boiling: repeat this process, 
if necessary. To the clear filtrate, which 
gives no further precipitate on addition 
of HJSO4 and boiling, add gradually 
Am HO until, after mixing the liquid by 
thorough stirring or shaking, it turns red 
litmus paper blue, then add AmjCjO^ 
solution and warm gently ; a white pre- 
cipitate, often appearing only after a 
time, shows: — 

Presence of Ca. 

(See note. Column III.) 



III. No precipitate is pro- 
duced by CaSO^t even on 
boiUngy showing :~-~ 

Absence of Ba and Sr, and 
Presence of Ca. 

C. Confirm the presence of 
Ca by making portion B 
alkaline with AmllO 
(34), then add AmjC^O^ 
solution; a white precipi- 
tate forms, showing: — 

Presence of Ca. 



Note. — If mere traces of Ca 
have to be tested for, the 
filter paper used in the anal- 
ysis must first be freed 
from any traces of Ca it may 
contain by wetting it with 
dilute HCl, and then thor- 
oughly washing it with 
distilled water, as described 
in the last par. of 29. 



POTASSIUM GROUP. 

of all the group reagents in succession may still contain Mg, 
as group reagents, it is useless to test for NH4 iii this filtrate : 
stance with KHO solution, and ascertaining whether any NH3 
action on moistened red litmus pa|)er. It is, however, usually 
tested for in the preliminary examination (390). Proceed to 
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Evaporate the filtrate from Group IV. to dryness in a 
porcelain dish, scrape out the solid residue and heat it to 
redness upon a piece of platinum foil in the Bunsen 
flame as long as any white fumes are seen to be given off* 
on removing the foil for an instant from the flame (note 
1). All NH4 compounds are thus entirely removed. If 
any residue remains (note 2), it is to be dissolved by boil- 
ing the foil in a test-tube with a small quantity of water, 
to which several drops of dilute HCl have been added. 
Divide this solution into two parts : — 



Examination fob Mg. 

Before testing for Mg ia 
one portion of this sola- 
tion it is necenary to 
remora from it any traces 
of Ba, Sr or Ca which 
it may possibly contain,* 
and which might else be 
mistaken for Mg. 

Add, therefore, several 
drops of H2SO4 to the 
liquid, boil for a sliort 
time and let stand ; then, 
whether a precipitate 
has formed or not, add 
a little AniCl, then 
AmllU in excess, then 
several drops of Am2C204, 
and warm gently ; if any 
precipitate has formed, 
proceed to filter at once 
as quickly as pomible. 
To the liquid, in which 
the addition of II2SO4, j 
AmCl, Am HO in excess j 
and Am2r4(>4 causes no 
further precipitate, add | 
Na«IIP04, and if no pre- | 
cipitate forms at once, 
warm gently, shake or 
stir the liquid violently 
and lot it stand for some 
time : a white crystal- 
line precipitate shows : — 
Pretence of Mg. 



Examination fob K and Na. 

In the other portion proceed to test for K and Na 
as directed below. The presence of Mg in no 
way interferes vrith the detection of K and Ni^ 
and hence if Mg has been detected, ita removal 
is unnecessary. 

Flams coloration. — Dip into the solution a loop 
of platinum wire which has been proved nc^ 
to impart any color to the flame. Hold the 
loop in the Bunsen flame; one of the follow- 
ing results will be observed : — 



A bright yellow flame color' 
atioH, indicating the pretence 
of Na (note 3J. 

Examine tnis coloration 
through the indigo prism ; 
if it appears red, pretence 
of K ia proved ; if no red 
color is visiblp, K is probably 
absent or present only in 
very minute quantity. 



A pale vioitt 
coloration^ ap« 
poaring crimaon 
red through the 
indigo prtem, 
shows: — 
Pretence 0/ BL 

and abtence of Nd. 



It is usual to confirm the results of the examina- 
tion of the flame coloration by pouring the 
remainder of the solution upon a watch glaaL 
adding to it several drops of PtCl4 (note 4) 
and stirring well for some time ; the formatton 
of a yellow precipitate shows : — 
Pretence of K. 

See 47, and Note 5, page 261. 



Note 1. — If the residue is small in amount, it may be ignited 
in the dish ; but this is not to be generally recommended, as 
the porcelain dish is liable to be cracked by the heat, and is also 
diflBcult to get entirely rid of the NH^ salts by heating only in 
porcelain. 

Note 2. — It is not safe to place much reliance upon an ex- 
amination of the foil for the detection of a small quantity of 



* Traces of Ba, Sr, Ca may remain unprecipitated by AmtCOi. 
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residue, but it ma^ usually be detected by its producing a 
crackling noise whilst the foil is cooling immediately after its 
removal from the flame. Should there be any doubt, the foil 
must be boiled with water and a drop of HCl, and the solution 
examined for Mg, K and Na, as directed above. 

Note 3. — ^The examination of this flame coloration by means 
of the spectroscope will naturally suggest itself. 

A yellow coloration, more or less intense, will almost always 
be obtained here, since most substances and reagents contain 
small quantities of Na; hence the student must note the in- 
tensity of the coloration, and judge from it whether the quantity 
of Na is small or large; he must then enter accordingly, either 
"presence of Na" or ** presence of trace of Na," 

Note 4. — If iodine is present, PtCl4 will produce an intense 
red coloration ; hence, if iodine is suspected to be present, be- 
fore adding PtCl4 the above solution should be evaporated to 
dryness with a little strong HNO,, the residue dissolved in a 
few drops of dilute HCl and tested with PtCL for K. This is, 
of course, unnecessary if, before precipitating Group III. in the 

feneral table, the solution has been evaporated to aryness with 
[NO,. In case of uncertainty, add PtCl4 to a drop only of the 
above solution ; and if iodine is found to be presei\|;, proceed as 
is directed above. 

Note 5. — Mere traces of K and Na may be detected bv adding; 
PtCl4, and evaporating the liquid to dryness in a porcelain dish 
upon a water-oath; absolute alcohol is then poured into the 
dish and stirred ; any yellow residue shows presence of K, the 
solution giving the pure Na coloration if Na is present. On 
filtering off the yellow residue and washing it with absolute 
alcohol, it will yield the pure K flame coloration. 
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TABLE OF SOLUBILITY. 
A blank signifies that the Boluhility is unkaown or uuimp'ortanL 
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The Bolubility of a compound is denoted by letters: 
w. Signifies soluble in water. 

a. Soluble in acids; the term standing for HCl, HNO, and 
aqua regia. 
a". Soluole in muriatic or hydrothloric acid, 
a". Soluble in nitric ncid. 
a". Soluble in a mixture of muriatic and nitric acids, or aqiu 
r^ia, but not in eitbcr arid iteiJaralely. 
i. Insoluble in wiiter and ncids. 
w.a. Letters thus placed together with a 8ti)|) between them 
signify that in different stales the subulance slion-e the 
dilt'erent si>liibilitieH deni>le<l by the letters. 
w-a. Letters conncetcil by a hTphen indicate that llie suUtanee 
is only slightly sohihlc in the first solvent, ami may 
thereiore partially fall under the claia deniitt-d by the 
second letter, 
w.b. Dccompoaed more or less by much water with formation 
of a basic salt which is insoluble in water, but soluble 
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EXAMINATION FOR ACID RADICLES. 



Introductory Remarks. 

440. In conducting the examination for acid radicles 
much time and trouble may usually be saved by con- 
sidering which of these radicles can j)ossibly be pixisent. 
The preceding examination will usually have limited this 
number considerably (441), but it may be further re- 
duced by the knowledge already obtained of the metals 
present, and of the solubility of the substance under 
analysis. 

A reference to the Table of Solubility on the [)receding 
page will show how this knowledge may be applied. 

Only the most commonly occurring com|K)unds are 
contained in this table ; the solubility of other substances 
may be obtainal by reference to Storer's " Dictionary of 
Solubilities.'' 

The table is thus arranged: in a horizontal line at the 
head are placed the more commonly occurring metals, 
which yield salts or basic oxides ; in the verticid column 
on the left is a list of that |)ortion of the names of the 
compounds thus formed, which corresponds to the acid 
radicle. 

To find the solulnlily of any compound of one of the 
metals placed at the top of the tiible, glance down the 
vertiwil column which is heade<l by tliis element, the 
letter indicating the solubility of the compound will be 
found in a horizontal line with the acid radicle portion of 
the name. Thus to find the solubility of zinc sulphate, 
it is only necessary to glance down the vertical column 
with Z)\ at its head : on a horizontal line with rndphate 
stands the letter ir, showing tliat zinc suli)hate is soluble 
in water. 

The icaij in irhich this table is used after ascertaining 
23 
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the solubility of a substance under analysis, and detecting 
the metals present in it, may be explained by an example. 
In a substance which was entirely soluble in water , the 
metals found were K, Ba, Ag. A glance down the 
columns headed by these three metals shows at once 
which acid radicles may be present : all acid radicles 
might be present combined with K, since all its salts are 
soluble in water, but the presence of Ba in a substance 
soluble in water shows that SO4 PO4, CO3, BO3, ASO4, 
Cr04 and F cannot be present, since these acid radicles 
form compounds with Ba which are insoluble in water: 
Ag excludes in addition S, CI, Br and I ; hence, amongst 
the more commonly occurring acid radicles only NO3 
need be tested for. 

This example shows how much the examination for 
acid radicles may often be simplified, when the metals 
present in a substance and its solubility are known. 

441. Several acid radicles will probably have been 
satisfactorily tested for in the preliminary examination : 
in case their reactions have been interfered with by the 
presence of other substances, the analyst should refer to 
the reactions given in the fourth section and select one 
which will be decisive. 

The examination for metals also frequently yields proof 
of the presence of certain acid radicles. Thus on passing 
HjS into the HCl solution : — 

A reddish yellow solution, be- 
coming green and depositing 

white sulphur, shows Presence of {CfrO^" 

A green solution, becoming 

colorless, shows Presence of {MnOy 

A purple solution " " " Presence of {MnO^' 
A yellow precipitate of AS2S3, 

appearing only when the 

liquid is boiled, shows Presence of {AsO^" 

An insoluble residue of SiOj, 

after evaporating to dryness 

the filtrate from the HjS 

group, shows Presence of (SiO^^' 
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And a yellow precipitate ob- 
tained with AniHMo04 be- 
fore precipitating Group 
III., shows Preseffwe of {PO^"' 

The presence of any of these acid radicles thus detected 
will require no further confirmation. 

Of the acid radicles which remain to be tested for, 
some can be detected by the plan drawn out in 442- 
445 ; others are most easily found by special tests made 
on the original substance (446-454). 
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442. Before employing the liquid tests it is advisable 
"to separate from the substance any metals other than K, 
Na, and NH4 which it may contain, since some of these 
are liable to be precipitated by the reagents added for 
the detection of the acid radicles. If alkali metals alone 
are present, this separation is unnecessary, since they are 
not precipitated by any of the reagents. 

This separation of the metals may usually be effected 
by boiling a portion of the finely-powdered substance 
with NajCOa solution, which must be further added to 
the clear solution as long as it causes any precipitate. 
Filter from the precipitated carbonates, and divide the 
clear filtrate into five equal portions. Reserve one of 
these portions in case of accident and a second for the 
tests for organic acid radicles, and acidify the othere 
whilst they are hot by addition of HCl, HNO3 and HA 
respectively : examine them as is directed below, using a 
separate part for each test. 

Some metals cannot be completely precipitated as car- 
bonates by boiling with NajCOg solution : the presence 
of these metals in solution is, however, frequently of no 
consequence. If they must l)e precipitated, addition of 
AniaS, or passage of U.Ji, will usually separate them as 
insoluble sulphides, but the subsecjuent sejiaration of the 
excess of AuijjS or HjS by gently warming the solution 
is troublesome. 

Since the analyst knows at this stage of the analysis 
what metals are present, it should not 1x5 difficult to 
separate them or to allow for their presence while trying 
the tosts for acid radicles. 

The clear, acidified portions of the filtrate obtained 
after boiling with scxlium carbonate solution are tested 
by 4 43, and the further s])ecial tests (446-454) are then 
tried if necessary. 
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443 


I. P&rHon acidifUd with HCl. 


iVe*0fi<. 


On addition of BaCL solution a white precipitate in- ) 
soluble on boiUng {444, 1) / 

On addition of BaCl^ solution, a senii-transparent ) 
precipitate insoluble on boiling (444, 2) . . . j 

On addition of AmCl and Am^GOs, a semi-trans-) 
parent precipitate j 

On addition of FeSO^ solution, a dark blue precipitate 

On addition of FewCl« solution, a dark bine precipi-) 
tate : FeS04 yielding a light blue precipitate . . J 

On addition of Fe^Cl^ solution, a red coloration) 
destroyed by pouring into HgCl^ solution . . j 

1 


(8O4)" 
(SiF«)" 

(SiOj)" 

(FejCyM)'* 

(FeCyfl)iT 

• 

(QyS)' 




• 


II. Piniion acid^fi^d with HNO^. Refer to 444, 3.1 


iV«Mll<. 


On addition of AgNOa, a pure while precipitate) 
easily soluble in AmHO (444, 1) . . / 

On addition of AgNO^, a light yellow precipitate, ) 
with difficulty soluble in AmHO . . . . j 

On addition of AgNOa, a yeUow precipitate, almost) 
insoluble in AmHo j 

Refer to 445, 1. 


a' 

Br' 
F 






in. Portion acidified with HA. 


iVewiU. 


On addition of PbA] solution a yellow) 
precipiUte (445, 2) / 

On addition of CaClj solution a white gelat- ) 
inous precipitate j 

On addition of CaClj a white pulrerulent ) 
precipitate j 

On addition of FesClo a yellowish white pre- ) 
cipitate (44y, 450). . . . . .] 


(CrO*)" 

F,* probably. 

(C8O4)",* probably. 

(P04)'",or(As04)'". 



* F will be readily detected in this precipitate, or, better, in the 
original substance, by 452, (CjO*)" by 453. 

Notes on the Preceding Table. 

444. 1. Unless the NajCOj solution used in preparing the 
solution for these tests was pure, {QO^Y^ and (Cl)^, if detected, 
may have been present only as impurities in the Na^CO,; por- 
tions of the original substance should then be tested by 446 
and 447. 

2. The presence of (SiF-/'' should be confirmed by adding 
KCl (300), or by evolving HF by strong H^SO* (301); the HF 
is most readily obtained from the BaSiFg precipitate. 

3. Should AgNOg yield a black precipitate, this proves the 
presence of a sulphide, or possiblv oi a thiosulphate ; add HNO3 
and boil, the black Ag^S will thus be decomposed, leaving a 
milky liquid, in which any other precipitate is readily seen 
after being coagulated by heating or shaking. 

23* 



258 ANALYSIS OF COMPLEX SUBSTANCES. [445-449. 

445. 1. It must be remembered that (Cy)'', (FeCy«)*\ 
(Fe^Oyij)'' and (CyS) are also precipitated by AgNO,, and 
therefore if these acid radicles have been already found, a pre- 
cipitate produced by AgNOg does not prove tne presence of 
(CI)'', (Br)^ or (I/, which acid radicles must be specially ex- 
amined for, as is directed below. 

If chloride, bromide and iodide have all to be tested for, a 
portion of the Na^COs solution must be examined by 273; or 
the precipitate obtained by AgNOj (443, II.) may be tested by 
273a for CI, Br, I. If only bromide and iodide have to be tested 
for, use 274. 

2. If a white precipitate of PbS04 is produced here, it may 
be dissolved by warming after the addition of AmHO in excess, 
which will form Am A (151); red basic lead chromate will 
remain if a chromate was present. 



SPECIAL TESTS FOR ACID RADICLES. 

446. Sulphate, — A ])ortion of the original sul)stanoe 
is boiled with HC-1, and the decanted or filtered liquid 
is tested with BaCI^^ '*^ white precipitate shows the 
presence of SO^. 

447. Chloride, — A jwrtion of the original sul)stanee 
is warmed with HNO3, the solution decanteil or filtered, 
and AgN().{ added to it; a perfectly trhite precipitate, 
easily soluble in warm AmHO, shows the ^>rc8eiic« of 
chloride. 

448. Cyanide, if present, will have l)een detected by 
its special test (381) and by the smell of bitter almonds, 
which is given oif by the substance after adding H,S04 
(411). Ascertain in what form cyanogen is present by 
483. 

449. Arsenate, — This acid radicle cannot be present 
unless As was detected during the examination for 
metals; the presence of ( AsO,)'" is there rendered prob- 
able by the precipitation of yellow AsjSs occurring only 
when the acid liquid saturated with HjS is Innled. If 
As has \Hivn found amongst the metals, proceed to test 
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for (AsO,)'" by adding HCl to a portion of the NogCOa 
solution (442) until it is acid, then AmCl, AmHO in 
excess, and MgSO^; filter off any precipitate which 
forms on warming and shaking the liquid, and pour a 
few drops of AgNOg solution upon the white precipi- 
tate on the filter ; a change of color to brown shows the 
presence of {^AsOy. 

450. Pliosphate, — Boil some of the original substance 
with dilute HNO3, and add a little of the clear solution 
to some AmHMoO^ solution; shake and stir the liquid 
well, and if no precipitiite forms, warm veri/ c/eiUly; a 
yellow precij)itate shows the presence of (^PO^y^\ 

If (AsOJ^^^ has been detected (449), this test for [VO^y is 
only triLstworthy when the yellow i)recii)itate has been obtained 
either in the cold or by employing a very gentle heat. If any 
doubt is felt concerning the presence of (l^O^)^^^, boil some of 
the substance with strong HCl, and examine for (PO^)^^^ after 
having entirely separated the (AsO^)^^^ by passing HjS into the 
boiling HCl solution. A doubtful precipitate with AmHMo04 
may be proved to contain phosphate by (lissf)lving it in AmHO, 
adding AmCl and MgSOi, filterini^ and dropping AgNOg upon 
the precipitate; if phosphate is present, it turns yellow ; if ar- 
senate, brotim. 

451. Borate, — Warm a portion of the substance with 
a little dilute HCl, dip into the solution a strip of tur- 
meric paper and dry it in a steam-oven or at a gentle 
heat; if the slip is reddb^h broitm, and becomes blue- 
black when moistened with AmHO, the presence of 
{BO,,)"' is shown. 

452. Fluoride, — Pour upon a portion of the pow- 
dered substance strong H2SO4 ; warm the mixture in a 
leaden or platinum crucible covered with a watch-glass, 
which has been coated with paraffin wax, and has then 
had characters traced through the film with the point 
of a penknife: the charactei's are etched upon the glass 
(296), showing the presence of F, 

If SiOj is known to be present, the test must be made 
by conducting the gas which is evolved when the sub- 
stance is heated with strong H2SO4 into dilute AmHO, 
when a deposit of gelatinous H4Si04 proves the presence 
of F. 
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453. Oxalate. — ^The precipitate produced by CaCl2 in 
III. (443), or the original substance, if it contains no car- 
bonate, is mixed on a watch-glass with MnOj free from 
carbonate, and with strong H2SO4, and gently warmed : 
CO2 is evolved and detected by holding over the bul>- 
bles which rise from the mixture a rod moistened with 
lime-water, or by inverting another watch-glass con- 
taining on its under surface a drop of lime-water over 
the glass containing the mixture. 

453a. Tartrate. — ^The presence of T will probably 
have been indicated in the preliminary examination 
(388, 41 2*9). In order to confirm its presence, any 
metals of Groups I., II. and III. must be separated by 
H2S or Am2S; CaT is then precipitated from the liquid, 
made just alkaline with Am HO and mixed with a little 
AmCl, by adding excess of CaCl2, shaking well and let- 
ting stand for some time. A precipitate may consist 
of CaT, C*iij^0^2 (>r CaC). By shaking this precipitate 
with cold KHO solution, CaT is dissolved and may be 
reprecipitated from the solution or filtrate by diluting 
and boiling for some time: the liquid is decanted, ana 
the precipitate is then gently warmed with a little very 
dilute AmHO and a crystal of AgN03; a metallic mir- 
ror shows the jyresence of T. 

454. Sulphide. — Very small quantities of 8 may be 
detected by boiling the substance with KHO for some 
time, and adding to the clear solution alkaline PbA, 
solution, when a black precipitate or coloration will 
appear. 



This concludes the ordinary method of examining a soluble 
substimce: tlie remaininj^ paragraphs of this section treat of 
8])ecial processes which arc necessary for the analysis of certain 
substances. 
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REMARKS ON THE PRECIPITATION OF 

GROUP III. 



459. In the General Table (419) it is assumed that 
in the absence of (POJ'" the two Sub-groups III.a 
and III.B can be separated from one another by adding 
first AmCl and then excess of AmHO to the solution, 
Group III.A alone being thus precipitated, and Group 
III.B being afterwards precipitated by adding AnigS to 
the filtrate. 

It is true that AmCl entirely prevents the precipita- 
tion of Group III.B by AmHO if certain other metals 
are absent and the solution is kept covered from the air ; 
but the members of Group III.A, if they are present at 
the same time in the solution, are precipitated by AmHO ; 
and the presence of AmCl will not prevent Mn and Zn 
from being partially precipitated witli them, Mn particu- 
larly showing a tendency to be precipitated with Fe, and 
Zn with Cr. 

Hence, if Mn or Zn be present in small quantity only, 
it may be entirely precipitated in Group III.A. This 
is not a serious matter in the ease of Mn, since it is 
readily detected in the ordinaiy examination of the 
precipitate by Table III.A by yielding a green mass 
on fusion with NajCOg and KNO3; but Zn may be en- 
tirely passed over, since if it had been precipitated with 
CVgHgOf, its presence would certainly not be detected in 
Table III.A. 

The method of dissolving the precipitate obtained in 
Group III.A several times in HCl and reprecipitating 
it with AmHO to some extent meets this difficulty; 
but it is preferable, whenever a pi^ecipitate is produced 
on adding AmCl and AmHO, and traces of Mn and 
more particularly of Zn have to be tested for, to pre- 
cipitate Groups III.A and III.B together, by adding in 
succession AmCI, AmHO and AmgS and boiling. The 
precipitate is then examined by Table III.C (464, 465) 
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for Groups III.a and III.b, the filtrate being examined, 
as is directed in the General Table, for^Groups IV. and V. 
It must be understood that if no precipitate is pro- 
duced by AmCl and AmHO, AmjS may be added at 
once; any precipitate which is formed is then examined 
by Table III.B, since in the absence of Group III.A the 
members of Group III.B are not precipitated by AmHO 
in the presence of AmCl. 

460. The presence of {POy in the HCl solution, 
which has to be examined for Groups III., IV. and V., 
involves no special procedure if AmHO added after 
AmCl produces no precipitate, since the phosphates of 
Groups III. and IV. and of Mg must be absent. If, 
however, on adding AmCl and AmHO a precipitate is 
formed, the directions given at the head of III.D (466) 
must be followed, and the precipitate must be examined 
by that table. 

The reason for this departure from the ordinary course 
of analysis is that, where«is Al, Cr, Ba, Sr, Ca and Mg, 
if present as ])hospliates, are completely precipitated by 
AmHO, the phosphates of Ni, Co, Mn, Zn and Fe are 
only partially precipitated by AmHO; their metals are, 
however, entirely prceipitateil by AnijS. The filtrate 
from AnigS is then (waniiiied, as is directed in the 
General Table, for Gr()U[)s IV. and V. 

The principles on which the method drawn out m 
Table IIl.i) is founded are, — 

1. Th(^ insolubility of the phosphates of Al, Fe and 
CV in HA in the presence of an alkaline acetate, the 
other portions of the precipitate being soluble. 

2. The separation of all the (PO^)'", which is in the 
HA solution combined with Ba, Sr, Ca or Mg, by the 
addition of Fe./1,; in an acetic acid solution. 

The further so[)aration of Al, Fe and Cr phosphates 
is somewhat coin])]icatc(l by the fact that A1P(\ is only 
dec(>ni[)ose(l by fusion mixture when SiOj is also [)resent, 
and this SiOg has to be removed after the fusicm by 
methods which will be intelligible on reference to 292, 
291. 
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461. In obtaining the precipitate for Table III.D, 
the precipitates produced by AmHO and AnigS must be * 
filtered and washed separately, since phosphates of Fe, 
Zn, Mn, Ni, and Co are converted by ArajS into sul- 
phides, with formation of ammonium phosphate in solu- 
tion, and this would precipitate Ba, Sr, Ca, Mg as 
phosphates, even if they were not originally present in 
that condition. This precipitation would not only com- 
plicate the process of analysis, but would also render it 
impossible to state whether Ba, Sr, Ca and Mg were 
originally present as phosphates or not. 

The phosphates of Groups III. and IV. and of Mg 
are accordingly first precipitated by AmCl and AmHO, 
then any members of Group III.B and any remaining 
traces of phosphates of Group III. are precipitated from 
the filtrate by AmgS. The two precipitates are mixed 
and treated with AmgS, which will dissolve away the 
(POJ'" from the phosphates of Fe, Zn, Mn, Ni, Co, 
leaving the other phosphates undecomposed ; hence, on 
filtering and testing the filtrate with AmCI, AmHO and 
Mg SO4, the formation of a white crystalline precipitate 
indicates the prasence of ^POJ'" and indirectly estab- 
lishes the presence in the original precipitate of phosphate 
of some one or more of the metals Fe, Zn, Mn, Ni, Co. 

462. Oxalates, borates, fluorides and silicates of Ba, 
Sr, Ca, Mg would likewise l)e precipitated by AmHO in 
Group III.A; but by the evaporation of the HCl solu- 
tion after passing IIjS, H3BO3 and HF are usually 
volatilized, and HjSiOa becomes insoluble ; oxalates are 
also decomposed by a gentle ignition of the solid sub- 
stance remaining after evaporation. 

The best course to be pursued in precipitating and 
examining Group III. will be found in 463. 
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RULES FOR THE PRECIPITATION AND EX- 
AMINATION OF GROUPS III.A. AND IILb 



Refer to 459-462 for the explanation of these rules. 

463. The following rules raay be laid down for pre- 
cipitating and detecting members of Groups III. A and 
III.B in the HCl solution, a small portion of which has 
been tested for (POJ'" by AmHMoO, (419) :— 

I. If the addition of AmHO after AmCl causes no 
precipitate, showing the absence of Al, Fe, Cr and of 
their phosphates, and of phosphates of Ba, Sr, Ca and 
Mg, AmjS is at once added, the liquid boiled, and any 
precipitate which forms is examined for members of 
Group III.B by Table III.B (437) : this course is pur- 
sued whether (POJ'" is present or absent, since even if 
phosphate is present, metals of Groups III. and IV. and 
Mg are not present as phosphates. 

II. If the addition of AmHO after Am CI causes ajpre- 
cipitatey showing the presence of Al, Fe, Cr, and {PO^y 
is not present, the plan of precipitation depends upon the 
object of the analyst. 

If small quantities of Zn need not be tested for, 
the method given in the general table (419) may be 
followed. 

If traces of Zn have to be tested for in the solution, 
add AniCl, then AmHO and AmjS in excess, boil, filter, 
and examine the precipitate by Table III.Ci (464) or 
III.C2 (465). The method descril^ed in Table III.c, 
gives trustworthy results, and is to be used for very care- 
ful analysis; the method in Table Ill.Cg is, however, 
much more simple, and is sufficiently accurate for gene- 
ral use. 

III. If the addition of AmllO after AmCI causes a 
precipitate, and (POy is prenent, the method of pre- 
cipitation to be adopted, together with the table for the 
examination of the group precipitate, will be found in 
466. 
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484. TABLE III.Ci.— THE SEPARATION OF 
GROUPS III.A AND III.B BY BaCO,. 

The precipitate may contain Fe, Al, Cr, Zn, Mn, Ni, 
Co. Rinse it off the filter into a porcelain dish, using 
as little water as possible ; add some strong HCl and 
boil, adding at intervals a small crystal of KCIO3 until 
all is dissolved but a small quantity of yellow sulphur. 
Evaporate very nearly to dryness, dilute with a little 
water and pour through a filter, if necessary, into a small 
flask. Cool, pour in a small quantity of BaCOj sus- 
pended in water, cork the flask tightly and shake well ; 
repeat the addition of BaC03 and agitation until the 
precipitate is distinctly whitened by the excess of BaCOj : 
then shake well and allow the flask to stand by corked 
for at least fifteen minutes, occasionally shaking it vigor- 
ously. Let the precipitate subside, filter; wash the pre- 
cipitate with a little cold water, allowing the washings 
to run through into the filtrate, then wash thoroughly, 
rejecting the washing-water : 



1. PrecipitaU may contain Fe, Al, 
Cr and BaCOs ; diasolve it in aa 
little boiling HCl as possible ; 
remoTe Bu from the boiling 
solution by adding boiling dilute 
HaSO^ gradually, until after 
allowing the precipitate to 
settle, a few additional drops 
of acid cause no further pre- 
cipiUte (Note 1, below) ; filter, 
add pure NaHO in excess to the 
filtrate, boil and filter : 



Precipitate : ex- 
amine for Fe 
and Cr by Col- 
umn 2, Table 
III.A (436). 



FQtrate : ex- 
amine for Al 
by Ck)lumn 1, 
Table III.a 
(43(>). 



Note 1.— The separation of Ba 
may be neglected here, the precip- 
itin being at once boiled with 
NtfHO : in this case much white 
BaOQs will remain with the Fe.03 
after ftuion to separate Cr ; it will, 
howerer, dissolre with the Fe and 
cause no complication. 



2. FOtraU may contain Zn, Mn, Ni, Co and 
BaCla. Remore Ba by adding to the boiUng 
liquid boUing dilute HsS04 gradually, untU 
the last few drops produce no further pre- 
cipitate in the clear liquid from which the 
BaS04 has been allowed to settle ; filter ; 
add pure NaHO in excess to the cold filtrate, 
stir well and filter : 



Prec^itaU may contain Mn, Ni, 
Co ; rinse off* the filter into a 
porcelain dish with as little 
water as possible, add some 
strong HCl and boil ; erapo- 
rate nearly to dryness, add 
a little strong solution of 

NaA to the liquid, pass H,S 
to saturation, filter : 



Precipitate : ex- 
amine for Ni 
and Co ac- 
cording to 
Table III.B, 
Column 1 
(437). 



nitrate: add 
AmHO in 
excess ; a 
flesh -color- 
ed precipi- 
tate snows : 

Preeence of 3f«. 



FSUrtUe: pass 
HsS,awbite 
precipitate 
indicates : 
Preaemee of 
Zn. 



24 
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465. TABLE III.c,.— FOR EXAMINATION OF 

iTa^ Remove the precipitate produced by AmCl, AmHO and Am,S 
)th pages, pouring in dilute HCl and gently stirring and shaking the liquid : 
left, filter (see Note 1) : 



Sefidue. if black, may 
contain NiS and CoS: 
examine it as directed 
in Table II Lb, Ck)lumn I 
(437). 



FUtrate may contain Al, Fe, Cr, Zn, Mn. Carefully note 
of this obserration, examine the liquid by Column I. or H. 



fti 



I. 7%« liquid i$ perfectly cclorlen: Ahtence of Or. 

Boil the liquid in the dish for a few minutes until it no longer 
smells of HoS, then add a small crystal KClOs and boU down 
to a small bulk ; cool, add NaHO in excess, stir wall and 
filter: 



PrecipUaU may contain Fe, 
Mn. Dry and fuse it on | 
platinum foil with Na^C^Oj 
and KNOs ; a blue-green 
mass shovrs : 

Pretence of Mn. 

Boil the foil in a porcelain 
dish with water for some 
time, ami if any undis- 
solved residue is left, do- 
cant tlie liquid, boil the 
residue with \\V\, and add 
KCyS ; a blood-red colora- 
tion shows : 
Pretence of Fe (Note 3, 43G). 



FUtrote may contain Zn, AL 

Divide into two equal parte 

(Note 2). 
Into one portion pan H^S: a 

white precipitate forma at 

once : 

To the other portion add 
AniH in exoeas, and heat ; 
a colorless, floccolent 
cipitate : 

Prmmc«of AL 



Note 1. — A mere milkiness, due to the separation of sulphur, shows the 
Note 2. — Al and Zn may also be detected without dividing the filtrate 

alkaline; a colorless, flocculent precipitate shows presence of Al: this is 

presence of Zn, 
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GROUPS III. A AND III.B, WHEN MIXED. 

from the filter by opening the filter out inside a porcelain dish, 
take out the filter paper, stir well, and if any black residue is 



color, which la best seeu by pouring it into a white porcelain dish, and according to the result 



n. The liquid htu a violet or bright green color : Pre$ence of Cr. 

Boil the liquid in the dish until HjS is no longer smelt, drop in a small crystal of KCIO. 
and boil down nearly to dryness ; dilute with a little water, pour into a small flask una 
add BaCOs suspended in water gradually whilst constiiiitly shaking the liquid until the 
excess of BaCOs whitens the precipitate, cork tlio flask and allow it to stand for nut less 
than fifteen minutes, occasionally shaking it well ; filter, wash finit with cold water, letting 
the washings run into the filtrate, then with boiling water, rejecting the washings : 



RredpiUUe may contain 
Fe, Al, Cr; examine 
it by Column 1, Table 

ni.ci (464). r 



FiUraie may contain Zn, Mn ; boil, and whilst boiling add 
hoUing dilute H^G^ gradually until the last few drops 
cause no further precipitate, filter from BaS04 ; cool, add 
pure NaHO in excess, stir well and filter : 



Precipitate : dry and fuse 
with NaaCOaand KNOson 
platinum foil; blue-groen 



iVswfics of Mn. 



FUtraU: pan H^S ; white 
precipitate : 

Pretence of Zn. 



absence of Ni and Co, and does not render filtration necessary. 

by adding to it HCl gradually until it becomes acid, then AmHO until 

filtered off and HjS passed into the filtrate; a white precipitate shows 
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Th«eiine. TABLE III.D.— FOR EXAMINATION 

KS»"^ 466. If (PO,)'" is found in the HCl solution in the 
and a precipitate forms on addition of AmCl and excess of 
filtered quickly, and the precipitate is washed well with hot 
tion boiled, then filtered, and the filtrate examined for Groujjs 
AmHO and by Am2S are transferred to a porcelain dish and 
on the filter is washed well. The filtrate should be examined 
Ni, Co, one or more, were present as phosphates. 

The residue left after stirring with AnijS may contain Ba, 
and Al, Or as hydrates. Remove it from the filter and heat 
dissolve it, drop in several small crystals of^ KClOj, and 
(Note 1) ; then add a solution of HA and NaA (652, 84) as 

Heat gently, and filter while hot: 



lUtrate : Add FesCl« (Note 2), drop by drop, as long as a precipitate forms, and until the 
liquid, after being well stirred or shaken, remains reddish : addition of VeJ2i^ in 
large excess must be carefully aroided. Warm gently for some time, filter whUst hof, 
and wash with hot water : 



FUtrate: Add AmCT, AmHO (Note 3), and Am^: filter : 



FUtraU : Add AraoCOa : filter : 



Precipitate may con- 
tain BaCO;,, SrCOa, 
CaCOa. ExurniriH 
this precipitiitu by 
Table IV. (4:W). 

Ba, Sr, Ca, if found 
in thiH precipi- 
tate, wen; present 
in the solution as 
phosphates. 



FUtrate : may contain 
Mg ; after remov- 
ing any traces of 
Ba, Sr, Ca (Table 
4au, Column I.) add 
Na2in»04, warm 
and shake well ; 
white crystalline 
precipitate : 
Presence of Mg a» 
photphate. 



Precipitate : examine 
by Table III.c. 
(464, 465) for Zn, 
Mn, Ni, Co, also for 
Al and Cr. 

Test* a portion of the 
original solution, or 
the solution of the 
substance in HCl, for 
Fe" and Fe"' accord- 
ing to Note 3 (436). 



iVectpilofe : con 
taining FePO^ 
may Tw ne- 
glectad. 



Note 1. — An insoluble residue here may contain SrS04 and BaSO« 
here, were present originally aa phosphates. 

Note 2. — A few drops of Fe-Clj may be added to a small part only 
may be examined at once for Groups til. and IV. and for Mg, without 

Note 3. — Since this filtrate has to be tested for Groups III.A and 
together and analyzing the precipitate by Table III.c, or by precipi- 
by Am,S, and examining the precipitates by Tables III.A and III.B 

Note 4. — Since CrPO^ is rarely nresent, this precipitate may gener- 
will be in solution, and is detecten by adding AmClin excess, whidi 
is detected by dissolving in IICl and adding KCyS. 
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OF PHOSPHATES IN GROUP III. 

General Table (419) after precipitating Groups I. and II., 
AmHO, the liquid containing the precipitate is gently heated, 
water. To the filtrate AnijS is added in excess and the solu- 
IV. and V. (419, 431). The two precipitates yielded by 
stirred well with a little AnijS, then filtered, and the residue 
for (PO^)''' by adding MgSO^; if this is present, Fe, Zn, Mn, 

Sr, Ca, Mff as phosphates; Fe, Zn, Mn, Ni, Co as sulphides; 
it with dilute HCl in a porcelain dish. If this does not 
evajwrate very nearly to dryness. Filter oflF S if necessary 
long as any precipitate is produced. 



PreeipUcUe may consist of FeP04, AIPO4, CrP04 (Note 4), Dry the precipitote on the 
filter, and fuse it for a short time in a platinum crucible or on platinum foil with a 
mixture of finely-powdered SiO^, Na^COa, and KNO,. When cold dissolTe by boiling 
with a little distilled water, add AmgCOa ; allow to stand for a short time, stirring 
occasionally ; let the precipitate suLwide, filter : 



Filtrate: add HA 
until the solu- 
tion is acid, boil 
for a short time, 

then add PbAj ; 
yellow precipi- 
tate of PbOr04: 
/Ve«eitce of Or aa 
photphate. 

Xote. — A white 
precipitate on 
addition of PbA^ 
may be disre- 
garded. 



Precipitate may contain 1148104, Fe and AI as silicates, and 
Fe^HoQ. Acidify with HCI, evaporate to dryness, and heat the 
dry residue gently. Warm with a few drops of strong HCl, add 
hot water, and filter : 



FUtrate : add pure NaHO in excess, boil and 
filter: 



FUtrate: add AmCI in 
excess, boil : white, 
gelatinous precipi- 
tate : 

Pretence 0/ Al aa 
phoaphate. 



Precipitate is brown 
FeoIloQ : dissolve by 
boiling with HCl, 
and add KCyS: 
blood-red coloration : 
Presence of Fe as 
phosphate. 



Residue is SiOj 
and may be 
neglected. 



and must be examined by the latter part of 428 : Ba or Sr, if found 

of the filtrate and heated ; if it causes no precipitate, the other portion 
adding Fe^Cl^, 

III.B, it may be examined either by adding AmCl, AmHO and AmjS 
tating Groups III. A and III.B separately by AmCl and AmHO and 
(436, 437). 

ally be tested by boiling with excess of NaHO, and filtering; AlPO^ 
gives a gelatinous precipitate ; Fe^Ho^ remains as a precipitate and 
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ANALYSIS OF METALS AND ALLOYS. 



467. The metal is first reduced to powder, filings or 
thin turnings or shavings. After making the following 
preliminary examination (468), either of the two methods 
described in 470, 471 may be adopted. 

The first method should be employed for the examina- 
tion of a metal or alloy of unknown composition, since 
all metals, even when present in small quantity only, 
may thus be detected. 

In making the solution by the second method^ Sn, Sb, 
Au and Pt are left undissolved, all other metals passing 
into solution; it is not, however, to te recommended as 
a general process for examination of metals and alloys, 
since the following complications are apt to occur: 

If As is present with Sn, a part or the whole of the 
As may remain in the residue; Pt, if present with a 
sufficient quantity of Ag, may pass entirely into solution ; 
and Sb will always partly dissolve. The process, how- 
ever, is useful in cases where an alloy, known to contain 
a large proportion of Sn or Sb, has to be examined for 
other metals, since these are dissolved away at once from 
the bulk of the Sn or Sb, but care must be taken that 
As is not passed over in the presence of Sn, 

Preliminary Examination. 

468. Note the color of the substance and also any 
smell that may l)e given off when it is rubbed with the 
hand ; also whether it is crystalline or not, and if it is 
attracted by a magnet (Fe, Ni, Co, etc.). 

Note also the hardness of the metal, by seeing if it can 
Ik? scratched or cut by a steel knife; also whether on 
l)oing struck smartly with a hammer it breaks to powder 
(brittle) or flattens out (malleable); then try the follow- 
ing exj)eriments with separate small portions of the 
substance : 

I. Heat with Nti^CO., on charcoal in the inner blowpipe 

flame (408, 404, 405). 
II. Fuse into a colorless borax bead (401). 
111. Try the flame coloration (397). 
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IV. Heat In an ignition tube, and note whether a metallic sub- 
limate of Cd, As, or of globules of Hg forms, or whether 
8 sublimes from a sulphide. 

469. P, As and S can frequently only be detected as phos- 
phate, arsenate and sulphate by dissolving the substance in strong 
HNOs, or in aqua regia, or bv ftising it with KNO3 and NajCO, 
and dissolving in water, and testing the solution by 450, 449, 
446. 

Si can be detected as SiO^ by evaporating the acid solution 
(428). . 

Solution and Examination of a Metal or Alloy. 

470. Method I. — Foursome rather dilute HCl upon 
the powdered metal in a small flask covered with a watch 
glass with its concave surface upwards, and heat for some 
time just short of boiling ; if the metal dissolves readily, 
continue heating until the metal is completely dissolved, 
and examine the HCl solution according to the general 
table (419). 

Frequently HCl alone does not effect complete solu- 
tion ; two or three drops of strong HNO3 should then be 
poured in, and more HNO3 and HCl added occasionally 
when the action ceases or when red fumes are no longer 
given off on heating. When the metal has entirely dis- 
ap|)eared, add a little more strong HCl and boil as long 
as any CI or reddish fumes are given off; then dilute 
with a little water, heat to boiling, and cool; filter if 
there is any white residue: — 



Residue, if crystalline, is prob- 
ably PbClj, and will be found 
to dissolve entirely if washed 
with sufficient boiling water. 

In this solution the presence 
of Pb is confirmed by adding 
KjCr04, which gives a yellow 
precipitate soluble in excess of 
KHO, showing Presence of Pb, 

I f any residue is left after washing 
well with boiling water, it is pro- 
bably AgCl ; confirm the pres- 
ence of Ag by pouring upon the 
residue hot Am HO, it dissolves 
completely and is reprecipitated 
on adding HNO3 in excess: — 

Presence of Ag, 



Fdlrale (Note 1) : dilute largely 
with HjO (see Not« 2), and 
whether this causes a precip- 
itate or not, pass H^S to sat- 
uration into the cold solution ; 
examine any precipitate thus 
produced by Table II. (435), 
and proceed to examine the fil- 
trate for Groups III., IV. and 
v., as directed in the general 
table (419). 



Note 1. — If Au and Pt may be 
present, they must be tested for in 
the HjS precipitate, according to 
the directions in 472-474. 

Note 2. — A white precipitate ap- 
pearing on dilution is due to the 
presence of Bi,Sb, or Sn. 
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471. Method II. — Pour upon the finely-divided 
metal some strong HNO3,* and heat in a small flask 
covered with a watch glass as long as any red fumes 
appear : one of two results will occur : — 



I. 



The $nb$UMnct disaotoet 
complete^ with ot trith- 
otU addilum of wtUrr. 
Absenco of Pt, Au, Sb, 
Sn (Note n. 

BxAmine the solution, 
after boiling nearly to 
dryneas and diluting 
with water (Note 2), by 
the general table (419). 



n. 



A retidM w lejt : add tome hot water and boil, then 
filter and wash the residue on the filter wdil with 
boiling water (Note 2). The reddae may preaent 
the following appearances : — 



1. EtUirtiff tnekUlic ot bltick 
powder: probably Pt or Au. 
Diasolre by heating in a small 
flask ootered with a watch 
glass, with a little HO to which 
a few drops of HNO3 hate been 
added. When completely dis- 
soWed add more HCI, and boil 
down in an etaporating basin 
nearly to dryness ; examine the 
solution for Au and Pt by 474, 
commencing with the addition 
of KCl and using only the left 
hand side of the table, since 
Sn wilt be absent. 



I Ml 

itain 



8n, 



2. Wka4 

may com 
8b, Aa, poMibly 
also Pt and An 
concealed in it 

(Note 3). 



Note 1. — The solution is liable to contain small quantities of 
these metals, which must always be tested for in a careful 
analysis. 

Note 2. — BiOCl will often precipitate on dilution, but the 
precipitate will disappear on adding UCl and boiling, being 
thus easily distinguished from the Qroup I. precipitate. 

Note 8. — If much residue is obtained, a small quantity of it may 
be heated in a test-tube with HCI, adding KCIO, ; if it dissolyeB 
entirely, dissolve the whole of the residue, then examine the solu- 
tion by Table II., commencing at 4356 ; if it refuses to dissolve 
proceed with the rest of the residue as directed below. If the 
residue is small in quantity, examine it at once as directed be- 
low. 

Examination of the Non-Metallio Residue insolvble m 
HNOy — Dry tlie residue on the filter at a gentle heat, 
mix it thoroughly with about an equal Quantity of 
powdered Na2C03 and NaNO,, and add the mixture 
gradually to some NaNO, in fusion in a porcelain eru- 



* If H^ iR found in the preliminary examination, and small quaotitiea 
of Ar have to be tested for, the Hg should be expelle<l by heatinjic the 
Rubstanco strongly »n a porcelain cnicible before dissolvinjir in acid, as 
HglNOs), tends to prevent the precipitation of Ag by HCI m Group I. 



472.] 



DETECTION OF GOLD AND PLATINUM. 



273 



cible ; then pour the melted substance out into a porcelain 
dish ; allow it to cool, then pour upon it cold water and 
let it stand for some time. After crushing the mass with 
a pestle and stirring it occasionally, filter, and wash the 
residue on the filter with dilute alcohol, throwing away 
the washings : — 



Retidiu may contain Sn, Sb, Pi, Au. Place 
it in a smaU porcelain dish, pour in a 
little HCl and heat, then add water ; 
whether the residue has dissolved or not, 
place in the liquid a strip of Pt-foil and 
drop upon it a piece of pure Zn ; re- 
move the platinum strip in a few seconds ; 
if it is stained black, Sb is present. Wuit 
until the evolution of H ceases, taking 
care that there is some Zn left undis- 
solved, and adding more Zn if the first 
piece has entirely dissolved. 

The residue in the dish may consist of Sn, 
Au and Pt ; remove the Zn, rinsing off 
any substance adhering to it into the 
dish, stir the liquid in the dish well, then 
pour off the liquid, carefully leaving the 
residue ; pour in water, stir well, and 
again pour off carefully. Boil the residue 
for some time with strong IICl in a test> 
tube, dilute, decant, add HgClt, a white 
precipitate forms : — H'esence of Sn. 

Residue : dissolve by warming Yriih HCl 
and HNOs, ^^^ examine the solution for 
Au and Pt by 474, using only the left 
hand portion of the table. 



PUtrate may contain 
(AsOi)^^^: add HNO« 
until the solution is 
acid and boil, evapo- 
rating the liquid in a 
dish if very bulky. 
Pour into half this so- 
lution AgNO, as long 
as it gives any precipi- 
tate,andadd gradually 
AmHO diluted with 
10 or 12 times its bulk 
of water, a brown pre- 
cipitate shows : — 
Pretence of As. 

To the other half of the 
acid solution add 
AmHO in excess, then 
MgSOi, and rub the 
inside of the vessel 
with a glass rod ; a 
white crystalline pre- 
cipitate, often appear- 
ing only aft«r some 
time, shows : — 
Presence of As. 



SEPARATION AND DETECTION OP Au AND Pt. 

472. Au and Pt will, in the ordinary course of analy- 
sis, be entirely precipitated as sulphides in the second 
group if HjS is passed for some time into the hot HCl 
solution ; and since these sulphides are soluble in KHO 
and in AmjS, on examining the H2S precipitate by Table 
II. (435), the Au and Pt will pass into the filtrate when 
the precipitate is boiled with KIIO or AmjS. No modi- 
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fication of the process described in Table IT. is required 
for the detection of these two metals until the examina- 
tion of the residue in the hydrogen flask is commenced. 
The Au and Pt will be present in this residue, associated 
with Sn if it be present, and usually also with at least a 
part of the Sb (if present), since Zn in contact with Pt 
in an acid liquid causes the separation of metallic Sb 
(193). Accordingly, when Au and Pt have to be tested 
for, the ordinary course of analysis is to be followed until 
the residue in the hydrogen flask is obtained ; and this 
is examined as directed in 473. 

473. After washing the residue left in the hydrogen 
flask by decantation in a porcelain dish, and removing 
any excess of Zn, boil it with a little strong HCl in a 
test-tube for several minutes, allow the residue to settle, 
and decant the liquid : — 



474. Re$idue:* pour upon the residue in the dish a little HCl, 
add several drops of HNOg, and boil gently very nearly to 
dryness ; add some KCI solution and evaporate once more 
very nearly to dryness. Puur some absolute alcohol into 
the cool dish and stir well for a time, allow the precipitate 
to settle and decant the liquid, wash the precipitate by stir- 
ring it with a little more alcohol and decant the liquid when 
the precipitate has settled : — 



Precipitate will consist of 
yellow K^PtClQ and excess 
of KCI, dissolve it in a little 
boiling water, jmur it into 
a white dish, add several 
drops of HCl, then SnCl^: 
an orange red coloration 
confirms the 

Presence of PL 



SohttioH will be yellow if Au 
is present ; evaporate care- 
fully on a water-bath just to 
dryness, dissolve in a little 
water and add a few drops 
of freshly-prepared FeS04 
solution. Au will be pre- 
cipitated in a fine powder, 
causing the liquid to appear 
reddish by reflected and 
blue by transmitted light : — 

Presettce of Au. 



Solutiom: to one 
part add HgCl^ 
a white preci- 
pitate, which 
does not appear 
at once if only 
traces of Sn are 
present : 
IVeeenoe of Sm. 

Pour the other 
part of this 
solution into a 
porcelain dish, 
immerse in it a 
strip of Pt and 
drop a piece of 
Zn on the Pt ; a 
black stain on 
the Pt shows:— 
Prttenee of Sb. 



* If Sb has not been detected already in the precipitate produced by 
the gases in A^NOs solution (4356), this residue should be examined for 
Sb, as the Sb, instead of having been given off as SbHs, may have been 
deposite<l on the Pt or Au. Boil it once more for some time with strong 
HCl to remove all Sn, wash the residue well by decantation and boil it 
in the dish with HoT, adding a few drops of HXOs, decant and test the 
liquid for Sb by adding HCl and passing H2S : the residue is then ex- 
amined as above (474). 
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EXAMINATION OF SUBSTANCES IN- 
SOLUBLE IN WATER AND ACIDS. 

475. An insoluble substance may consist of one or 
more of the following substances, all of which are white 
except FcjOa, Cvf>^, FeCrjO^, PbCrO^, S, C, native SnOj 
and CaFj, and AgCl which has been exposed to light. 

In the following list those substances which are embraced in 
brackets ( ) may possibly be present ; those in square brackets 
[ ] improbably f because they are soluble in water. 



1. BaSO^ 

2. SrSO^ 

3. [CaSO^] \ 

4. \PbSO^) j 

6. FbOrO^ 
6. [PbCl^] 



7. AffCl 



] 



8. SiO^ 

9. (Al^O^) 

10. (/V,Oj) 

11. (CV-,0,) 

12. FeOrfi^ 

13. (SnO^ 

14. iS^6,0j, 56,0^ 

15. CaF^ 

16. S 

17. C 



Insoluble in water and acids. 
Insoluble " " 

{Not perfectly insoluble in water, soluble in 
hot HCl, and should therefore pass into 
the acid solution. 

Insoluble after being strongly heated. 

{Soluble in boiling water, and should there- 
fore have been removed if the residue was 
well washed with boiling water. 

This may have been originally present as such, 
or may have been derived from the use of 
HCl in making the solution, or by the action 
of aqua regia on the insoluble substances 
AgBr, Agl, AgCy, AggFe,Cyi„ Ag4FeCye. 

Either uncombined, or as a silicate. 

Insoluble after being strongly igni^, but 
usually dissolved by long boiling with 
strong HCl. 

Chrome iron ore, native. 
Native or ignited. 



f Also a few other fluorides, and some meta- 
( phosphates and arsenates, 
f Yellow, slowly soluble in strong HNOj, giv- 
\ ing red fumes, and yielding H^SO^. 
Black, and quite insoluble. 



If sufficient of the substance is at disposal, the preliminary 
examination (476) may be made on a portion of it. In 
case the quantity of substance is small, however, the whole of 
the substance must be employed for the examination by fusion 
(477). 
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Preliminary Examination of Insoluble Substances. 

476. The substauce must be in the state of dry powder. 
Make a careful examination of it with a pocket lens. Expts. 
I. and II. need only be made if the substance is light in color. 



Experiment 



Observation. 



Inference. 



I. Observe whether the 
substance darlcens when 
allowed to stand in the 
light for some time. 



The color changes to violet 
or blaclc. 



Presence of AgCl. 



II. Pour a little Ani^S 
upon a portion of the 
substance on a watch 
glass. 



The substance blackens ; pass 
on to III. 

The substance does not 
blacken ; pass on to V., 
omitting III. and IV., since 
Pb and Ag must be absent. 



Presence of Pb or Afi;. 



III. Heat some of the sub- 
stance with a little water 
and a small piece of 
KCy ; filter off, keeping 
the residue ; to the filtrate 
add Am^. 



A brownish precipitate. 



IV. Wash the residue 
ft*om Exp. III. well upon 
the filter :— 

a. It ia white; drop Am2S 
upon it. 

b. It if dark colored; add 

water and H.f, and boil 
after adding' Am Ho in 
excess ; filter ; to the fil- 
trate add HA in excess 
and K2Cr04. 



The residue blackens. 



V. Take up nome of the 
substance upon a mois- 
tened loop of platinum 
wire; heat it for a Hln)it 
time in the inner l»low- 
pi|>e flame, then moisten 
with a drop of strong 
HCI, and hold in tlie 
outer jMirt of a Bunsen 
fiame. 



A vellow precipitate, soluble 
in KHO. 



VI. Heat in a small tost- 
tube or iKnition-tul»e, 
tlien Btronnly »>u a pi«Mo 
of porcelain or broken 
glaw or on platinum f(»il. 



A reddish yellow coloration, 
dnnkij green when seen 
through the indigo prism. 

A crimtoH red coloration, ap- 
pearing deep red through 
the indigo prism. 

A ytU<nri«h green coloration. 
These colorations may often 

be Mfu in succesKion and 

further distinguished by the 

si>ectrow"ope. 



Presence of AgCI. 

Loh/'u. On wanning some 
of the substance with 
AmllO, filtering, and 
adding excess of HNO| 
to the filtrate, a white 
precipitate forma, 
which, when shaken 
well or heated, coagu- 
lates into flocks. 



Presence 
PbCl,. 



of Pb804 or 



Preeenoe of PbS04 or 
Pba,. 



A yellow sublimate forms on 
the Hides of tiilw. 

When Btnmgly heated the 
subfltance sniouMerH, and 
ultimately bums away. 



Presence of Ca 



Presence of 8r 
Presence of Ba 



salphate. 



Presence of S. 



Presence of C. 



477, 478.] 



INSOLUBLE SUBSTANCES. 



277 



Experiment 


Obwrration. 


Inference. 


VII. Heat with strong 
11)804 i^ '^ platinum cruci- 
ble or leaden cup covered 
with a watch glaas (296) : 
or if a silicate is present 
examine by passing the gas 
into AmHO (297). 


• 

The glass is etched. 

A gelatinous precipitate is ob- 
tained in the AmUO. 


Presence of F. 
Presence of F. 


VI n. Fuse some of the 
substance in a bead of 
NaAmHP04, first in the 
outer, then in the inner 

1 
1 


Particles are seen floating 
undissolred in the melted 
bead. 

Oreen-eolored bead. 

when cold, and becoming 
greem$h In the inner 
flame. 


Presence of SiOj (480). 
Presence of Cr. 

Presence of Fe. 



Examination of Insoluble Substances. 

477. Mix the finely-powdered substance* with five 
or six times its bulk of fusion mixture, and heat the 
mixture in a small covered porcelain cruciblef until it 
melts ; keep it in fusion for at least ten minutes. Allow 
the crucible to cool, then pour some water into it and 
allow to stand or boil until the solid mass is loosened 
from the crucible ; boil this in a porcelain dish with dis- 
tilled water, crushing the mass by pressure with a pestle 
if it does not quickly fall to pieces. Allow the residue 
to settle, pour off the solution through a filter, and boil 
the residue with a little more water ; pour off through 
the same filter, adding this filtrate to the former one. 

For the examination of the undissolved residue, see 
478 ; for the filtrate, 479. 

478. Residue on the JUter ; wash well with boiling 
water, then make a hole in the bottom of the filter, wash 
the residue through into a test-tube by pouring upon it 



• Which, if it is found by Exp. VI. to contain free S or C, must first 
be heated strongly for some time in an open porcelain crucible. 

t If Pb and Kg have been proved to be absent by the preliminary 
tests, or if they have been first removed by boiling the substance with 
KCy solution, tlien with H^T and excess of AmllO and washing well, 
a platinum crucible may be used. The use of a platinum crucible is 
preferable, since after fusing in porcelain small quantities of AUOs and 
SiO] will alway.s be found, being derived from the action of the 
NasCOg on the glaze of the porcelain. 

25 
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a little boiling dilute HNO3 (Note 1\ and boil ; the 
idiie dissolves entirely if the fusion nas been continued 
sufficiently long (Note 2). Filter, . if necessary, and ex- 
amine the solution by the general table (419), bearing in 
mind that only the metals enumerated in 475 are likely 
to be present (Note 3). 

Note 1. — If Ag and Pb are known to be absent by the pre- 
liminary experiments, HCl may be used for dissolving the res- 
idue and is preferable ; if efiferyescence is produced by these 
acids, the presence of Ba, Sr, Ca or Mg is proved. 

Note 2. — A residue here may consist of chrome iron ore ; this 
may be dissolved by heating with HNO3 and KCIO. and the 
solution tested by the general table, when Cr and Fe will be 
found. 

Note 3. — It is best to evaporate the solution quite to dryness 
before testing for Group III., using a water-bath towanis the 
end if the substance spurts. This is always necessary if SiO, is 
present in the substance, since it sometimes passes into the acid 
solution, and is completely separated from this solution by the 
process of evaporation (291). 

479. Aqiieous solution of the fused mass, — Divide this 
solution into two parts, A and B. 

A. Add HCl until the liquid is distinctly acid, and 
evaporate in a porcelain dish to dryness, finishing the 
process on a water- bath if necessary to avoid spurting ; 
then continue to heat the dish gently until the residue is 
quite dry ; pour in a little strong HCl and warm, ^lute 
and heat again ; an insoluble residue shows presence of 

Filter, and examine the filtrate by the general table 
(419), more particularly for Al ; but other bases, such as 
Cr, Mn, Zn, Sn, should also be tested for, since they are 
soluble in alkalis and may therefore pass into this solu- 
tion. 

B. Test separate j>ortions for the following acid radi- 
icles as described below : unless the fusion mixture em- 
ployed was tolerably free from chloride, sulphate and 
phosphate, Tests 1, 2 and 4 may be of little value. 

1, Chloride : acidify with IlXOg and add AgN03, white 

precipitate e«asily sohible in Am HO. 

2. Sulphate : acidify with HCl and add BaCl,, white 

precipitate insoluble on boiling. 
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3. Chromate : acidity with HA and add PbAg, yellow 

precipitate ; a chromate is also seen by the yellow 
color of the solution. Cr thus detected may have 
been present acting as a metal or as a constituent 
of an acid radicle. 

4. Fhoaphate: acidify with HNO3, add a few drops to 

some AmHMoO^ solution, and warm gently. A 
yellow precipitate forms, often only after a time or 
on gently heating. If As has been found on 
passing H^S int« the hot HCl solution, (PO,)''' 
must be tested for in a portion of the filtrate after 
boiling off HjS, else the above yellow precipitate 
may be due to (ASO4)'". 

6. Fluoride : add HCl in excess to a part of the solution, 
stir well, and let stand until the COj has escaped, 
then add Am HO in excess, then CaClj as long as 
it produces any precipitate, and let stand for a time; 
filter off, dry the precipitate and examine it for F 
by pouring strong HgSO^ upon it in a platinum 
crucible covered with a watch glass (296). 
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ANALYSIS OF SILICATES. 

480. The presence of silica is shown by 382 or by 
Exp. VIII. in the preliminary examination of insoluble 
snhstances (476); when it has been found, it beconies 
neceasary to examine for all metals, since many silicates 
which are soluble when alone become insoluble when 
they are mixed or combined with insoluble silicates. 

Many silicates are entirely decomposed by heating 
them with strong HCl for some time just short of boil- 
ing; if the decomposition is complete, only a colorless 
residue of silicic acid will remain, and this may be iden- 
tified by its solubility in hot Na2C03 solution. 

If the silicate is not completely decomposed by hot 
strong HCl, it is treated as is directed in 477-479, re- 
membering, however, that all metals may be present. 

481. Since Na and K cannot be tested for in the 
solution obtained after fusion with alkaline carbonates, 
a separate portion mast be examined for these metals by 
one of the two following processes : the materials used 
in the tests must be perfectly free from K and Na. 

Method I. — The finely-powdered silicate is mixed 
with its own weight of sublimed and crystallized NH^Cl 
in powder, and with eight times its weight of pure 
CaCOg (see below). The mixture is gently heated in a 
platinum crucible for a few minutes, and finally kept at 
a bright red heat for twenty or thirty minutes : the 
mass will not fuse as a whole, but the fused CaClg will 
dissolve sufficient CaO to bring this into contact with 
the silicates and decompose tliem. 

The cool substance, after being turned out of the cru- 
cible, if possible, is boiled with water for sometime after 
it has crumbled by the slaking of the CaO: the liquid is 
then filtered, and AnigCOg solution is added to the filtrate, 
until it causes no further precipitate of CaCog. The fil- 
trate from this precipitate is evaporated considerably and 
freed from traces of Ca by the addition of AmgCgO^. The 
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clear solution will now contain K, Na, Li, if they were 
present, as chlorides ; they may be tested for by the 
right hand side of Table V. (439) and by the spectro- 
scope (42). 

The pure CaCog required for this process is prepared by dis- 
solving marble in HCl, and then adding powdered marble in 
excess and warming. The solution is then mixed with lime- 
water or milk of lime until it is alkaline in reaction : magne- 
sium, calcium phosphate and iron are thus precipitated. This 
solution is heated to about 75° C, and warm AmsOOj solu- 
tion is added until it causes no further precipitation ; the 
precipitated CaCOj is filtered off and washed well on the filter. 

Method II. — Evaporate the powdered substance 
several times in a platinum dish or crucible either with 
hydrofluoric acid and subsequently with strong HgSO^, 
or with five times its weight of finely-powdered calcium 
fluoride mixed into a paste with strong H2SO4; in either 
case the mass is finally heated until no more white 
fumes are evolved. The cool residue is then boiled 
with water, BaClj solution is added as long as it causes 
any precipitate, then AmHO is added in excess and 
Am2C03 solution is poured in as long as it causes any 
precipitate ; the precipitate is filtered off and the filtrate 
is examined for K and Na by Table V. (439) and by 
the spectroscope (42). 
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ANALYSIS OF SUBSTANCES CONTAINING 

CYANOGEN. 

482. If the substance to be analyzed is found to 
contain cyanogen (381), the usual course of analysis 
must frequently be somewhat modified, since the pres- 
ence of cyanogen might produce confusing results. 

The cyanogen may be present as a cyanide, sulpho- 
cyanide, ferrocyanide, ferricyanide, cobalticyanide, and 
rarely as a manganocyanide or chromicyanide. It is 
necessary first to ascertain in what form the cyanogen 
occurs, by trying the following preliminary experiments 
on a small portion of the substance. 



Preliminary Examination. 

483. Boil a portion of the substance for several 
minutes with KHO solution, then add some Na^COj 
solution as long as it causes any precipitate, and boil 
again for several minutes ; filter, make the cold filtrate 
just acid with HCl, filter, if necessary, and test separate 
portions as follows : — 



Koagent added. 



1. FeS04 solution 



2. Fo.jCIft Bohition 

3. Add ZnSOf solution oa long 
UH it «-uii(w*H any precipitate . 

Tho pn»<ipitato pnxluced by 
ZnS<»4 Kliniild bo fllttTOil off and 
f 11864 1 into a colorlffls borax 
lH«a(l. 



Result. 



{ 



Blue precipitate 
White precipitate 



Inference. 



, ( Blue precipitate . , 



BIoo<i-rp«l coloration 
Light bn»wn pre- 
cipitate 
hite precipitate 



( Ligl 
(Wh 



} 



A blue bead is pro-1 
duced . . . ) 



Prceenoe of (FeCjr«)»», 

(FeCye),'*. 
Proliable preeenoe oi 

(CoCye),'!. 
Preeence of (TtCj^. 
Vnmnce of (Cy8)'. 

IVesence of (FeCy»)t'». 

Pre*? nee of {TtCj^, 

(<'<»cyft),'*. 

Preeence of (CoCj^^. 



484. If a f<hnp/r cj/dnUlv only is pn^sont, the ordinary 
course of analysis is pursueil, hut it will be necessary to 
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remove HCy by boiling the solution for some time after 
adding an acid (418, 419). 

If a siUphocyanide is found by the preliminary tests, 
it may usually be decomposed in the portion of the sub- 
stance which is to be examined for metals by pouring 
strong HNO3 upon it in a porcelain dish and boiling 
down nearly to dryness : the liquid is then diluted and 
boiled, and may be considered as Solution 111.(418), any 
undissolved residue being treated as is directed in the 
table. 

485. Should the preliminary tests have proved the 
presence of ferro-, ferri-, cobalti-, chromi- or mangano- 
cyanide, two methods of procedure are open to the ana- 
lyst. Either the cyanogen may be removed from the 
substance before commencing the analysis (486), or the 
substance may be examined without any such prelimi- 
nary treatment (4871 

The advantage 01 employing the more complicated 
method in 487 is that it enables the analyst to decide 
whether the metals are present in cyanogen acid radicles 
or not, and it yields a more precise knowledge of the con- 
stitution of the substance. 

486. Method I. — If cyanogen is not present only 
as a simple cyanide or sulphocyanide, either of the fol- 
lowing two processes may be used for removing it from 
the substance before analysis; the substance may then 
be examined for metals in the usual way. 

1. Pour upon the powdered substance strong H2SO4 
in a porcelain crucible, evaporate to dryness and ignite 
the residue strongly; when cold, dissolve it by heating 
with a little strong HCl, adding water and heating 
again. 

2. Fuse the substance in a porcelain crucible with 
three or four times its weight of a mixture of three parts 
of Am2S04 and one part of AmNOj : the residue left in 
the crucible will be free from cyanogen and may be sub- 
jected to ordinary analysis. 



ANALT8IS OF COMPLEX 



niinn 487. METHOD II. (Fresenius). — Boil the subst^ce with 
I'Ji^ the washings to the filtrate: — 



'^t:"".:.'iX"'<!:''!^' 


/taW«.- bollifllU KIIO «.1olloi. for a.™.! ■DlnuLa^ Ihu. mU 
and boll again ; filler ud wwih the nmUu* :- 


dinclluua erlieu Tut 

(^f^"' ' "''°''' 

BliuiDd be am talAd 
for la a purti™ of 
the lolutloD aud If 

'WM 

Iht reddua nroDBlf 

K£f£ ES 

diwni* tbrto cjano- 
Ei-n ndlcln. The 
ft. Co. atr.. In the 
Cfanogeo add nidl- 
clrt will IbSD bn 
dslMted In Uie 
gsDsnl table. 


'as.vffi.s,."?-'' '• — "' ■-"'■"■ ■"•"- 


AnqriMI'.' wuh woll Willi hiElinit 
wUcr, and boJl (hi pndplIslD with 
nrong flNt.. a bl»;k mddyo of 
HgS way rviiwin, fllMr Ihia off 
■Iter dlliitlue Iho arid, anil n>nllnu 
thi> iirwuncr of Hi In the pncipluto 

.,^«5„ii,w.,b«vxv--i^ 

Tb. fliUli (or »l,»loi. ir HgS i. ab- 

Sd'inll' iJ'XrdiJk^tB'T'lllU^ 
hot ettong Hn, IIib ->li.lU.n ia niocb 
dlluud. slumted wltb H^ and 


'^^lo.rii.uS:^ 


IVnipflili: bull wllh 
KHU, Biter dIT uy 

■Dd aiam^^n fbr 
aolutlon BCI unia 




fo/m, aod Cu bj 
TablKll. (43^), 


Filtmb : add 

Zn, Hn, Nl, 
(486). 
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water, filter, and wash the residue with boiliog water, adding 



1 tiio mlntiao or Qig flllnta. 



llie lii)uid i> HtuntHl, tl 



HNOi EwluMI}' aatll Ihi Uqntd I 



I ff. £Tapont« to diTn« kod fuK 



(•Ming fur (U),rry,^<i ! wUh miter ud Bits : 

by KWliig oicHB of I . „ 

ZnBO, muriDgondtrr- ' 
inj vfapltier rhe prvcl^ 

Titb bdTKJL 






HAai 



.«!£ 



■eld ndlrta, 
ran uother 
p«rt for Al by 
wldliig HCl 



(lis). 

h, fo. Mn, Or If 
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EXAMPLE SHOWING HOW TO ENTER THE 
RESULTS OF ANALYSIS OF A COMPLEX 
SUBSTANCE. 



488. The substance given for analysis consisted of a 
powder containing pink, blue, white and black parti- 
cles. It smelt faintly of ammonia. 

Preliminary Examination for Metam. 



Experiment. 


Oboenration. 


Inferanoe. 


ExPT. I.— Heated in a 
small dry te8^tube. 

Cbn/y.— Held in the 
upper part of the tube a 
glass rod with a drop of 
lime-water hanging on 
its end. 

Cbn/y.— Boiled a portion 
of the substance with 
KliO solution. 

On///.— Heated strongly 
another portion of the 
drii'd suhHtince with 
Na2C03 in a bulb-tube. 


Water given off which 
turned red litmoa paper 
blue. 

Strong smell of NHs gas. 

Substance blackened, no 
smell of burning. 

Slight white sublimate. 
The lime water became 

milky. 
Brown nitrons fumes 

evolved, recognized by 

their smell. 
CI gas evolved, found by 

smell and bleaching 

litmus. 
"Slls gas was evolved, rec- 

ognizeil by its smell 

and by giving white 

fumes with strong HCl. 
No mirror formed. 


Pret. ofHsO. 

Pr«^ of NII4. 
Pres. of NH4. 
Prob. prm. o( Go, Co, and 
abs. of T and 1. 

Pret. of As. NH4, Hg. 

CDs eTolred. 

Pres. of nitrate. 

Prea.ofCl. 

Pres. of NH4. 
Abs. of Ug and Aa. 


Exp. II.— Heated a por- 
tion of the Hiiltstance on 
a loop of platinum wire 
in tlie BuiiHeu flame, 
moistened with Hf'l and 
heated again in tlie 

tllllllO. 

neat«*d for some time in 
the tip t)f the inner 
blo\vpi|>o thiine, moist- 
ened with IICI, and 
apiiu held in the 
Huni«en tiame. 


Bright yeUou: flame. 

The flame appeared 

crivMon through the 

indigo prism. 

Crimton col" apfiearing 
inteu»f rt'd through the 
indigo prism. 

liriijht green col" with 
blue core. 


Pres. of Na. 
Pres, of K. 

Pn-s. of Sr. 
Pres. of Cu. 
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Bxpt 


Observation. 


Inference. 


ExPT. III.— Heated a por- 


The greater part of the 




tion of the substance on 


Bulistance twrsnA reailily, 




charcoal in the inner 


and was absorbed by the 




blowpipe flame. 


charcoal. 


Pres. of a salt of K, Na. 




Deflagration occurred. 


Pres. of chlorate, nitrate. 




A red metallic residue re- 






mained. 


Pres. of Cu. 


Cbn/y.— Fused in a clear 


In the outer flame a )>cad 1 




borax bead in the outer 


^een whilst hot, blue 




and inner blowpipe 


when cold. \ 


Pres. of Cu. 


flames. 


In the inner flame red 
awl nearly opmjue. 




Cbi^y.— Fused on pla- 


No bluUh green or yellow 




tinum foil with NaiCOs 


mass on cooling. 


Abs. of Mn and Cr. 


and KNOs. 






Ckinftf. — Fused on char- 


Red metallic residue. 


Pres. of Cu. 


coal in the inner blow- 


A portion placed on a 




pipe flame with NagCX^s. 


silver coin and moistened 






gave no black stain. 


Abs. of S. 



Preliminary Examination for Acid Radicles. 



Expt 


Observation. 


Inference. 


ExPT. I.— Added dilute 
HCI without heating. 

Heated to boiling. 


A colorless gas was 
evolved, which was free 
from smell, and turned 
a drop of lime-water 
milky. 

CI was evolved, recog- 
nized by its smell and 
by bleaching moist 
litmus paper. 


Prns. of carbonate. 
Abs. of sulphite, hjrpo- 
chlorite, Ac. 

Pres. of nitrate, chlorate, 
or some other oxidizing 
substance. 


Expt. II.— Added strong 
H^S04. 

Oonfy. — Dropped in 
copper turnings and 
heated. 

Heated strongly, cooled, 
and rinsed out. 

Confy. — Boiled a portion 
of the substance with 
water, added strong 
H2SO4, cooled and 
poured in FeS04 solu- 
tion carefully. 


A bright yellow chlorous 
gas evolved, which 
crackled when wanned. 

Reddish brown fumes 
evolved. 

The tube when dry was 
seen not to be etched. 

A brown ring formed on 
the surface of the add. 

? 


Pres. of chlorate. 
Prea. of nitrate. 

Abs. of fluoride. 
Pres. of nitrate. 



Examination for Metals in the Wet Way. 

Boiled a portion of the substance with FcjClg, FeS04 
and KHO, added HCI in excess; no blue pp.: — Absence 

ofOy. 
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TiMMiinet Boiled a portion of the substance with water; as it did not 

botti^piigw. HCl poured upon the undissolved residue: effervescence oe- 

HCl, boiled as long as any smell of CI was pei'ceived ; the sulv 

it with the water sol"* which had been proved previously to 



No pp. 

Aba. of Oroup I. 
Hg', Ag, and prob. Pb. 



Diluted with water and pawed H«.S until tlie liquid smelt strungiy 



A black pp. 
£xam«- by Table IL 



Filtrate i» hich (cave no further pp. i» ith 

Boiled until it no longer suielt uf 11*8, 

on addition of H NOj (prob . pre*, of Fe\^ 

of the HCl ik>|B- to sume AmUJIu04 

boiled ; filtered :— 



A brown pp. 
Exam' by Table 1 1 1, a. 



Exam"- of pp. in Group II. — Removed from the filter 
into a porcelain dish, and boiled with KHO, filtered : — 



FOtnUs:— 

Acidified 
with HCI, a 
vtkiU milky 
liquid only: 

Ab:of 
Chroup II.B. 



i)). removed from ftUer by a glaM rod into a porcelain dish and 
boiled with strong HNO3 iM long as any red fumes came off, 
added dilute HSSO4 and stirred well : 



No 

Ah$. 0/ Hg 
and Fh. 



Added to 8ol>- excess of AmHO 
0/ Ou):— 



blue solution (fVes. 



No pp.:— Acidified the blue solB- with HCI and sata- 



Ab*. of BL 



rated with U^ ; filtered off the black pp. 
rapidly and boiled it with dilute H^SOf : 



fy. : dissolved in a 
little boiling dilute 
UNOs. added 
AmHO in excem, 
then excess of HA, 
then KtFeCyt, cho- 
colate red pp.:— 
Pre*, of CV. 



POtrate : diluted 
much and 
passed H^ 
no pp. : — 
Ab:qfOi. 



Exam"- of pp. in Group III.a. 
Dissolved in a little boiling dilute HCl, added pure 
NaHO in excess, boiled and filtered*^ 



FOtrate: added AmCl in 
excess, no pp. : — 
Abt. of At. 



Pp. : dried and f^ised on platinum foil with NtfOO^ 
and KNOa, boiled the colorless (abt. of Ck) mass 
when cold with water; decanted from the UDdi»* 
solved residue : — 



Retidue in the dish dis- 
solved by lK>iling with a 
little HCl, ailded sevenil 
drops of KCyiS : a blood- 
red coloration : 
Pret. of Fe. 



Soln. l>eing colorless 

proved abs. of Cr. 
AciditlcHl with HA, boiled, 

ami add(><l PbAj, do 

yellow pp. :— 

Abt. of Or. 
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completely dissolve, the sol"' was decanted, and a little dilute 
curred, and, on boiling, CI was smelt. Added a little strong 
stance was completely dissolved. Cooled this sol"*, and mixed 
give no pp. on addition of a little dilute HNO3: — 



of the gas, fllterod : — 



HjS WM pink (jprolt. pre*, of Co). 

added some stronjc HNO3 and lK>ilod to drynem (the color of the itolo- changed to light brown 
warmed the residue witli HCl, it dissolvtHl completely {Abit, of H^SiOs). Added a small portion 
wanned; no pp. : Abtence of (PO^'". To the rem'- addud AmCl, then excess of AmUO, and 



FUtrtUe was again pink (presence of Co) : added much AnioS and boiled, filtered :- 



A hlaekpp. 

Exam'- by Table III.b. 



FUtrale was yellow {ultence of JfTt) : added AnisCOs, filtered : — 



A while pp. 

Examd- by Table IV. 



FUlraU. 

Exam<i- by Table V. 



Exam''- of pp. in Group III.b. 

Rinsed the pp. off the filter with some cold dilute 
HCl, stirred well, filtered : — 



pp. was black and hnd 
already been proved to 
contain no Ni ; fused a 
portion into a clear 
borax bead: bead blue 
in both flames :— 
Prea. of Co. 


FiUrttte: boiled until it no longer smelt of H^S, 
added a crystal of KClOa, boiled until the smell of 
CI ceased, cooled and added pure NaHO in excea :— 


No pp. 
Ab$. of Mn. 


Passed H^ into the sol- 
no pp : — 

Ah$. of Zn, 



Exam" of pp. in Group IV. 

1. Exam^- by Flame Coh — I)ia«5olved a small quan- 
tity of the j)p. in a few drops of HCl upon a watch glass, 
dipped a loop of Pt wire into the sol"- and held it in 
the Bunsen flame: a crimson red color was imparted to 
the flame, which appeared intense red through the in- 
digo prism : Pres. of Sr, This coloration was followed 
by a yellowish green, very persistent col" : Pres. of Ba. 
Confirmed by s]KX!troscoi>e. 

2. Exam^- m the Wei Way, — Dissolved the rest of the 
pp. in as little lx)iling HA as possible; to a small part 
of the solution, j)erfectly cold, added CaSO^ sol"'; an 
immediate pp. formed : Pres. of Ba, 

26 
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To the remainder of the HA sol"*, proved to be acid 
to litmus, added K2Cr04 until the liquid appeared yel- 
low, warmed and poured through a double filter : — 



Pp.f which con- 
tHined all the Ba 
present, was re- 
jected. 



To the clear fiUraU^ which was orange red in color, added 
Am IIO until the color changed to light yellow, then addad 
AmsCOs in exccas and filtered : — 



FUtreUe was re- 
jected. 



Pp. : dissolved in as little boiling HA as 
possible ; added to a small portion of the 
sol"- CaS04 sol"' and boiled, a pp. fonned, 
showing pre*, of Sr. 

To the remainder of the HA solntion 
added H2SO4, boiled, filtered, and to the 
filtrate, which gave no pp. after being 
boiled with mure HSSO4, added AmHO 
in excess and AMsGs04, no pp. : — 
Aba. of CU. 



Exam"- of Filtrate from General Table for Group V. 

Evajiorated the filtrate to dryness in a jwrcelain dish, 
serapctl out the residue u|)on platinum foil, and ignited 
strongly until white fumes ceased to appear: dissolved 
the residue off the foil by boiling with water to which 
several drops of HCl had been added, divided the sol"* 
into two unequal parts : — 



To Uie larger portion addoti several 
dn)ps of H2SO4 and boiled, then 
AmHO in excess and sevcml droiie 
of Ani3(\j04 ; on heating, a slight 
pp. fonned ; filtered, and ailded to 
the clear filtrate Na2HP04, a white 
crystalline pp. : — 

Pre9. of Mg. 



Into thf $maller portum dipped a loop of 
platinimi wire, and held it in the 
Biinsen flame, an intense yellow 
col"- : — 

Pre$. of No, 

appearing crimson throogh the 
indigo prism : 

Prca. of K. 

Confirmed the pres. of K by stirring a 
fresh portion of the sol*with PU[7l4 
on a watch glass, a yellow i^ 
formed. 



Metals found:— Cu, Fe, Co, Ba, Sr, Mg, Na, K, NH^. 
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ExAM'^- FOR Acid Radicles. 

The following acid radicles have already been de- 
tected : (CO3)", (NO3)', (CIO3)'. 

By reference to the Table of Solubilities (440), under 
the columns corresponding to the above metals, the only 
salt insoluble in acids is found to be BaSO^; since Ba 
is present, and the substance is entirely soluble in acids, 
SO4 is absent. 

The following acid radicles have also been proved to 
be absent in the general examination for metals : — 

(Cr04)", by the HCl solution not becoming green on 
passing HjS. 

(ASO3)'" and (AsO^)''', by no pp. forming in Group 

II.B. 

(SiOa)" and (SiFg)", by no residue insol. in HCl re- 
maining on evai)orating to dryness with HCl for Group 

III.A. 

(PO,)'", by testing with AmHMoO^ in the HCl sol- 
for Group III.A. 

The organic acid radicles A and T are absent, since 
there was no smell of burning on heating the substance. 

The only commonly occurring acid radicles remaining 
to be specially tested for are therefore CI, Br, I, (CgOJ", 
and (BO3)'" ; and of these Br and I are probably absent, 
since no violet fumes of I or brown fumes of Br were 
evolved with strong H2SO4. 

Boiled a portion of the substance with pure Na2C03 
sol"' and filtered; acidified portions of the filtrate with — 



HN03. 


HA. 


Added AgNO%^ a perfectly white 
pp., easily 80I. in AraHO : — 

Pres. of CI. 


Added CaSOij no pp. : — 
Abs.ofiaOi)". 
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Moistened a piece of turmeric paper with the HCl 
sol°- of the substance, and dried it at 100°; no reddish 
brown stain was produced : — Abs, of {BO^'". 



Acid radicles found : — CO3, NO3, CIO3, CI. 



{Metallic radicles: Cu, Fe, Co, Ba, Sr, Mg, Na, 
K, NH,. 
Acid radicles: CO3, NO3, CIO3, CI. 



489.] REACTIONS OF RARER ELEMENTS. 293 



REACTIONS FOR SOME OP THE RARER 

ELEMENTS. 



The most important reactions for many of the rarer 
elements are given here. The arrangement is that 
adopted in the fourth section, those elements being 
placed together which are precipitated in the same 
analytical group: the groups, however, are ar- 
ranged in the order in which they occur in the 
general table. A scheme for the detection of these 
elements follows, showing in which group they are 
precipitated in the general table, and by what reactions 
they will be most readily found. 



GROUP I.— SILVER GROUP. 

This group includes Tl and W : the former is partially precip- 
itated as chloride by HCl, the latter completely as tun^tic 
acid. Thallium is only partially precipitated in Group I., smce 
its chloride is not quite insoluble in water : it therefore belongs 
also to Group III.B, being completely precipitated by Am^S. 



Thallium (Tl).— Use Tl^SO^ solution. 

489. Tl occurs in small quantity in many natural sulphides, 
often also in the ashes of plants and in mineral waters. Tl 
yields both thalHc and thalhai(« salts, but the former are very 
unstable, changing even when their solutions are heated into 
ihaWious salts. 

1. HCl: a white precipitate, which rapidly settles, does not 
blacken in the light, and is soluble in aqua regia. It is soluble 
in a large quantity of water, and therefore does not form in di- 
lute solutions. 

2. KI: a yellow precipitate; almost insoluble in water, more 
soluble in Kl solution. In aeolution containing Fe, any fer- 
ric salt present must first be reduced by H2SO3 oefore adding 
KI. 

3. PtCl^ : orange red precipitate, slightly soluble in water. 

4. Am^': black precipitate, which is easily coagulated by 
heat, is insoluble in AmHO, in alkaline sulphides and in KOy ; 

26* 
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it is readily oxidized by the air to Tl^O^, and i8 easily soluble 
in mineral acids. Tl js completely precipitated by H^ from a 
solution in which HA is the only free acid present, but free 
mineral acids prevent the precipitation entirely. 

5. Flame coloration, — ^Thallium compounds impart to the 
Bunsen flame an intense green color, which, however, rapidly 
disappears. The spectrum (p. 66) is very characteristic, con- 
sisting of one bright emerald green line. Thallium may be 
easily detected by tne spectroscope in solution, or, better, in any 
of its precipitates mentioned above. 



TuNGSTATES.— Use Na,W04 solution. 

490. W usually occurs in the form of a tungstate. The in- 
soluble tun^tates yield soluble alkaline tun^tates on being 
fused with sukaline carbonates. From the solution of an al- 
kaline tungstate HCl precipitates the tungstic acid entirely. 

1. HCl, HNO^ orH^O^: white precipitate (H^WOJ, be- 
coming yellow on boiling: insoluble in excess of acid, but solu- 
ble in AmHO. A piece of Zn dropped into the acid liquid 
containing the precipitate yields a deep blue color. 

2. SnClg in neutral solution, made by dissolving SnCl, crystals 
in water and filtering : yellow precipitate, becoming hhie on ad- 
dition of HCl and heating. 

3. Am^: yields no precipitate in the solution of an alkaline 
tungstate ; but if, after adding Am^S, the liquid is made acid 
with HCl, brown WS3 is precipitated. 

4. Microcosmic bead: outer flame, colorless or yellow ; inner 
flame, blue ; if a little FeSOf is fused into the bead the color 
changes to blood red. These colors are best seen when the bead 
is perfectly cold. 



GROUP IT.A.— COPPER GROUP. 

In this groui) are included Pd (Os, Rh, Ru): they are pre- 
cipitated as sulphides by HjS Ironi acid solutions, and the sul- 
phides are insoluble in Am^ and in caustic alkali solution. 



Palladium (Pd). — Use PdCl, solution. 

491. Pd occurs as a metal in native platinum, also in eold 
and silver. Palladium solutions are reddish brown, or yeUow 
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if dilute; addition of water precipitates a basic salt unless 
sufficient free acid is present to prevent it. 

1. H^: black precipitate, in neutral, alkaline and acid solu- 
tions, insoluble in Am^S, but soluble in boiling HCl or in aqua 
regia. 

2. AmHO: flesh-colored precipitate (PdCl2.2NH3) ; soluble 
in excess of AmHO to a colorless liquid, from which HCl pre- 
cipitates yellow crystalline paladammonium chloride (N^Hg- 
Pd^^Cl,). 

3. HgOy^: yellowish white gelatinous precipitate fPdCyj), 
slightly soluble in HCl, easily soluble in AmHO. Tnis is a 
very characteristic reaction. 

4. KI: black precipitate (Pdl,) : very characteristic of Pd. 



GROUP II.B— ARSENIC GROUP. 
In this group are included Mo, Se, Te (Ir). 



MoLYBDATES (Mo). — Use AmjMoO^ solution. 

492. Mo occurs as molybdate ; also as sulphide, which may 
be readily converted into M0O3 by ignition in the air or by 
heating it with HNO3. Unigni ted M0O3 dissolves in acids; 
ignited M0O3 is insoluble in acids, but easily soluble in alkalis. 

1. HCl, HNO^, or H^O^y if added in small quantity to an 
aqueous solution of a molybdate, yields a precipitate which is 
readily soluble in excess of the acid. 

2. H^y added in very small Quantity to the acidified solution, 
gives a blue liquid ; if it is added in larger Quantities, a brown 
precipitate (MioSa) forms ; the precipitation oecomes complete^ 
only when tne solution is heated and HjS is passed for some 
time : the precipitate is soluble in solutions of alkaline sulphides 
and hydrates, £om which it is reprecipitated when acid is added 
in excess. 

3. ZnorSnCl^f if added to the solution of a molybdate in HCl, 
colors it brovm, green or blue^ according to its state of concen- 
tration. 

4. KCfySy if added to a solution acidified with HCl, gives no 
coloration, but on dropping in a piece of Zn a henxxixfrn crimson 
color is produced, which, when the liquid is shaken with ether, 
is taken up by the ether. 

5. Na^HPO^, if added in very small quantity to the solution 
of a molybdate acidified with HNO,, gives, on gently warming 
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the liauid, a yellow precipitate readily soluble in excess of 
alkali nydrate solution. 

6. Borax bead: outer flame, yellow; inner, dark brown, 

7. Aficrocosmic bead : outer and inner flames, green. 

Selenium (Se). 
493. Se occurs in metallic selenides of Pb, Fe, Cu, Ag. 

Selenides. — Use FeSe. 

1. A selenide when heated in an open tube evolves a smell 
of decaying horse-radish, and produces a grey or red sublimate 
of Se : the smell is very characteristic. 

Selenites, — Use KjSeOg (see 6, below). 

2. H^S gives in acid solutions, if cold a yeUow, if hot a red- 
dish yellow precipitate : soluble in Am^S. 

3. BaCL gives in neutral solutions a white precipitate: sol- 
uble in HCl and in HNO,. 

4. SnCl^ or H^O^ gives in the presence of free HCl a red, or 
in warm solutions a grey precipitate of Se. 

6. Cu in a hotjHCl solution becomes covered with a black 
film : the liquid on standing with the Cu for some time becomes 
colored red with Se. 

Selenates. — Use K^e04. 

6. J7C7/ produces no change in the cold: but on boiling, CI 
is given on and the selenate is reduced to selenite, to which the 
above tests may be applied. 

7. BaCL: a white precipitate (BaSe04) ; insoluble in cold 
HCl, dissolved by boiling with HCl with evolution of CI and 
reduction to BaSeOj. 

Selenium in any form of combination. 

8. Heated on charcoal in the inner blowpipe flame, a smell of 
rotten horse-radish is perceived. 

9. Fused on charcoal with Na^COa in the inner blowpipe 
flame a fused mass is obtained, which when moistened on Ag 
vields a black stain, and on addition of HCl evolves H^e, a 
badly-smelling gas. 



Tellurium (Te). 

494. Te commonly occurs united with the metals Au, Ag, 
Bi, Cu, Pb. 

miurides.—Vae PbTe. 

1. A telluride when heated in an open glass tube gives white 
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fumes and a sublimate which differs from that given by Sb, by 
being fusible before the blowpipe. 

Telluiites. — Use KjTeOj (see 5, below). 

2. H^O: on dilution with water tellurous acid is precipitated 
from the acid solution. 

3. H^: in acid solutions a brown precipitate (TeS,); easily 
soluble in Am^. 

4. H^O^j Sn Cl^y (yr Zn precipitates black Te. 

Tellurates.—lJse KeTeO^. 

5. HCl produces no change in the cold solution of a tcllurate ; 
but on boiling, CI is evolv^ and the tellurate is reduced to tel- 
lurite ; the solution then gives the above reactions. 

Tellurium in any form of combination, 

6. A tellurium compound, if fused with Na-CO, on charcoal 
in the inner blowpipe flame, gives sodium telluride, a solution 
of which gives a black stain on Ag, and when it is acidified de- 
posits black Te and evolves HjTe. 



GROUP III.— IRON AND ZINC GROUPS. 

In this group are included U, In, Ti, Be, Tl, [V], (Zr, Ce, Ta, 
Nb, La, Di, Y, E, Th). 

Tl is often partially precipitated as chloride in Group I., and 
its reactions are given under that group. V is not precipi- 
tated by Am^, unless acid is added in excess after Am^S. 



Uranium (U).— Use (U0,)^^(N03),. 

495. U occurs in nature principally as pitchblende, an oxide ; 
also as uranite, a hydratea uranium calcium phosphate ; and 
chalcolite, hydrated uranium copper phosphate. 

1. AmHOy KHO, or NaHO : yellow precipitate, insoluble in 
excess. 

2. Am^ gives in neutral solutions a dingy yellow or brown 
precipitate of uranium oxysulphide, which differs from ZnS, 
Mns and FeS by being soluble in Am^COj. The precipitate 
settles slowly unless AmCl is added ; it is soluble in acids, even 
in HA : on being heated with AmjS in excess it is changed into 
uranous oxide and sulphur. 

3. H^S produces no precipitate in acid solutions. 

4. Am^CO^y KHCO^j or NaHCO^: yellow precii)itate, easily 
soluble in excess ; from this solution the uranium is reprecipi- 
tated by addition of NaHO or KHO, or by boiling, differing 
thus from Fe. 



298 REACTIONS OF RARER ELEMENTS. [496, 497. 

5. K^FeOy^ gives in acid solutions a reddish brown precipi- 
tate, which is distinguished from the similar one produced in 
a copper solution by dissolving in excess of AmHO to a yellow 
fluid. 

6. BaCO^ causes complete precipitation even in the cold. 

7. Zn changes the yellow color of acid solutions to green, 

8. Borax and microcosmic beads : outer flame, yellow; inner 
flame, green. 

Indium (In). — Use Inj,(S04)j. 

486. Occurs in zinc blende and in wolfram. 

1. Alkali hydrates precipitate a hydrate resembling Al^H^Of, 
insoluble in excess. Indium solutions are also precipitated by 
alkaline carbonates, by Na,HP04, by boiling tneir neutral so- 
lutions with excess of NaA^ by BaCOs, ^^^ ^7 alkaline 
oxalates. 

2. B^S gives no precipitate in strong and acidified solutions ; 
in dilute and feebly acid solutions a little sulphide separates ; 
in a solution containing no free acid but HA the metisd is en- 
tirely precipitated as yellow sulphide : the precipitate is insolu- 
ble in cold, but soluble in boiling Am^ ; from the boiling solu- 
tion white sulphide separates j)n cooling. 

3. Am^Sf added after H^T and excess of AmHO, gij^es a 
white precipitate, becoming yellow on treatment with MA. 

4. Plaine coloration: bluish violet. The spectrum showB a 
very characteristic blue line, which is brilliant, but very rapidly 
disappears when the chloride is employed : see page 6o. 



Beryllium (Be). — Use Bej(S04)s. 

497. Be occurs as silicate in nhenakite, and as silicate with 
Al. silicate in beryl and emerala. 

1. Am^S, AmHO J KHO, or NaHO : the flocculent hydrate is 
precipitated, resembling AljHgOg in appearance, and in being 
soluble in KHO: but it differs from AljH^jOg in being precipi- 
tated from its solution in KHO by dilution and long Doiling, 
and by being soluble when freshly precipitated if it is long 
boiled with AmCl solution. 

2. Alkaline carbonates precipitate a carbonate which is solu- 
ble in excess, especially in Am-CO,; from these solutions the 
carbonate is reprecipitated on diluting and boiling for some 
time, and with especial ease from the Am^CO, solution, differ- 
ing thus from Al. 

3. RaCO^ precipitates Be solutions completely. 

4. ir.iCj(\ and alkaline oxalates produce no precipitate. 

5. Moistened with CoCNOj), solution and heated on charcoal 
in the outer blowpipe flame, a grey mass is obtained, difference 
from Al. 
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Titanium (Ti).— Use TiO,. 

498. Ti occurs as TiOj, with traces of Fe, Mn, Cr, in rutile, 
anatase and brookite : also as TiO^ in combination with Fe in 
titaniferous iron ore. 

1. Ignited TiOa is insoluble in water and in most acids : it is 
easily soluble in HF, less readily in boiling strong H2SO4: it is 
also rendered soluble in cold water by fusion with KHSO4. 
TiOj differs from SiOj in not being volatilized when heated in 
a platinum dish with HF and strong H2SO4. 

2. By dilution and long boiling^ white fiocculent hydrate TiOj 
is precipitated from solutions in H5SO4 or HCl, and from the 
aqueous solution of the fusion with KH8O4 : the precipitate is 
metatitanic acid : it cannot be filtered off unless an acid or 
AmCl is added. 

3. AmHOj KHOy NaHO, AmJS, or BaCO^, white fiocculent 
precipitate, insoluble in excess : if precipitated and washed in 
the cold, it dissolves in HCl and in dilute H2SO4. 

4. Zn or Sn gives in acid solutions a blttCf or if dilute, a 
rose-red coloration. 

5. Na^S^O^, on boiling, precipitates Ti solution entirely, dif- 
ference from Fe. 

6. Microcosmic bead .-in the outer fiame yellow while hot, 
colorless when cold; in the inner flame yellow while hot, violet 
when cold. 

The production of these colors is much aided by adding a 
fragment of Sn. Addition of a small quantity of FeS04 gives 
in the inner flame a blood-red bead. 



Vanadium (V).— Use Na.VOs. 

499. V occurs in vanadinite [3Pb3(P04)j.PbClJ, and in cer- 
tain Fe and Cu ores. Vanadium is known in several stages of 
oxidation ; it will usually occur in analysis as vanadic acid or 
a vanadate, which in acid solution is of a yellow or reddish 
color. 

1. H^S, H^SO^, or H^C^O^ reduces acid solutions of a vana- 
date, and causes the color of the solution to change to blue : 
with H^S a deposit of sulphur also forms. 

2. Am^Sj if added in excess, gives a brown liquid, in which 
an excess of acid causes a brovm precipitate of VjSs; excess of 
Am.^S dissolves this to a reddish brown liquid. 

3. Zn gi ves in a very dilute solution acidified with H^O^, when 
gently warmed, a blue color, which changes into green and then 
lavender blue, 

4. Solid AmClf added until the solution is saturated, precipi- 
tates Am5V04, which is insoluble in saturated AmCl solution. 
This is a very characteristic reaction. 
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5. H^O^ when shaken up with an acid solution imparts a red 
color, which is not removed by shaking with ether. This is a 
very delicate test. 

6. Borax bead : in outer flame colorless , or yellow if much V 
is present ; in inner flame, green hot and cold, or if much V is 
present, brown hot and green cold. 



GROUP v.— POTASSIUM GROUP. 
In this group are included Li, Gs, Rb. 



Lithium (Li). — Use LiCl. 

500. Li occurs frequently in mineral waters and in the ashes 
of plants, also in small quantities in the minerals lepidolite, 
triphane and petallite. 

It is allied to the metals of the barium group by the difll- 
cult solubility of its carbonate and phosphate; and it difiers 
from K and NH4 by not being precipitated by PtCL or by 
H/r : from Na it is readily distinguished by the flame coloration 
and spectroscope. 

LiCl is separated from KCl and NaCl by its insolubility in a 
mixture of absolute alcohol and ether. 

1. Na^HPO^ added to the solution, which must not be too 
dilute and must be strongly alkaline with NaHO, gives, on 
boiling, a white crystalline precipitate (Li^POJ which quickly 
settles. Traces of Li may be precipitated by adding Na^HPO^, 
then NaHO until the liquid remains alkaline, evaporating to 
dryness and washing the residue with dilute AmHO. 

This precipitate differs from the phosphates of Ba, Sr, Ca and 
Mg by fusing in the blowpipe flame and bein^ absorbed by the 
charcoal support, also by its diluted solution m HCl giving no 
precipitate on addition of AmHO in excess in the cold, but a 
white crystalline precipitate on boiling. 

2. Flame coloration : this is carmine red ; the spectrum (page 
66) consists of an intense carmine red line (a). This colora- 
tion is concealed by that of Na, which, however, does not 
interfere with the spectrum. 

The Na coloration is also removed if the flame is viewed 
through the indigo prism, whereas that of Li can pass through 
the thinner partH of the prism ; it differs from the K colora- 
tion, however, in being unable to penetrate the thick layers 
of indigo solution or m being much weakened by its pas- 
suge. 
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As silicate, Li only gives the flame coloration after fusion 
with CaS04 ; the phosphate requires to be first moistened with 
HCl. 



BuBiDUM (Rb), CiESiUM (Cs). — Use RbCl and CsCl. 

501. These metals occur in small quantities in some mineral 
waters and in a few minerals. 

1. Their compounds resemble those of K by being precip- 
itated by PtCl4 and by H,T, and by giving a similar flame color- 
ation. Characteristic differences are the much greater insolu- 
bility in water of the platino-chlorides, which enables the 
KjPtCle to be dissolved away from RbjPtCle and (XPtCle by 
boiling the precipitate with successive small quantities of 
water : the alums also show a similar difference in solubility 
in cold water. 

2. Cs and Rbare readily distinguished from one another and 
from other elements by their spectra ; see page 66. For Cs the 
blue lines (a, (i) are especially aistinct and characteristic : in the 
Rb spectrum the indigo blue lines (a, P) are very distinct, but 
the red lines (y, <J) are most characteristic. For the spectroscopic 
test the chlorides are most suitable. 
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tXENERAL GROUP TABLE FOR THE 



[602. 



502. General Group Table for 



Cfroup /.—Reagent HC1. 



Tht group pp. may contain, t» addition 
to AgCl^ HfhCti, PbO^:— 
TlCl (trlnte). 
Hi^VO^{ '• ). 

TlCl win usually be readily detected 
by a 8i)ectru8cu])ic exaiiiinatiuu uf 
the gruup pp. It may be removed 
from the group pp. I>y boiling 
with a little water, and p|><* fn)m 
the cold filtrate by KI (I'b itJaI.M> 
thus pp<*.) : the p]>. is yellow, and 
gives the thallium spectrum. 

HiWO^: a white pp., becoming yellow 
on boiling. lU) prettence is con- 
firmed by dropping a piece of Zn 
into a portion of the acid liquid and 
pp., when a deep bltie color will be 
obtained. 

Also by fusion of the pp. in a 
microcosmic bead, which will be 
colorlesH or yellow in the outer 
flame, blue (or with FeSo4, blood- 
red) in the inner flame. 



Group //.—Reagent H^S. 



} 



Insolable in 
AmsS. 



The group pp. may contain a» mdphidety m 
addUUm to Ug, Pb, B|, Ot, Od:— 

Pd {black brown) 

77 [black ; j>p«>- icUh At^"^ 

[Ox, Jih, liu.]* 

And ill addition to SnS, SmS^, Sb^ A^St, 
Au^S-^ PtUt:— 
[/r sulphide]* "1 

Mo " {brttini) 1 Soluble in 

lie '* (red-yelloic) f Au»t&. 

Te " (bUick) J 

The yellow color of a solution containing Y 
is changed to blue by H^S. 



Tl is readily found by the spectroscope in the 

group pp. 

Pd will remain in solution in excedsof AmilO 
with Cd and Tu in Table 1 1, a : from this solution 
it is pp<» by lidding UV\ : its presence may be 
further confirm«.'d by the llgCyg or KI testo 

(4iU). 



The examination of the sulphides in Group FI.b 
when the al)ove cltMuents may be present is best 
commenced by fusion with Na«CX^ and NaNOg. 
From the fiuxnl niaKS, water disBolvea sodium- 
arsenate, -molyUlute, -seleuate, and telluiate, 
leaving SnU-j, Mtdium-antimonate, Au, Pt, and 
Ir umliHtfolveil ; the elements ma}' then be de- 
tiKTted by HjKH-ial tests. For the separation and 
detection of the platinum metal, a larger work 
must Im.* consulted. 



* Only completely ppd if the liquid has been 
warmed, and II^S passed for a long time. 
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Precipitation of Rarer Elements. 



Group ///.— Reagents AmCl, 
AiuHO, and Am^. 



7^0 group pp. may contain 
a» mlphide*, in addition to 
Fe, Za, JI/m, A'i, Co :— 

U Iblack-broim) 

In ( •• " ) 

77 ( ♦♦ " ) 
And as hydrates, in addition 
to Al^ Cr {and phosphates^ 
d'c. :) — 

Ti (irhile^JltHXulent). 
Be {colorl^M, gelatinous). 
[Zr ♦• •« .] 
[Ta, Nb, Ce, La, Di, V, E. 
Th.] 

Tl and In will usually be 
readily detected by a spec- 
tn>0copic examinutiun of the 
pp. 

Tt may b<^ firet sepamted and 
detected by dissolving some 
of the group pp. in boiling 
dilute Ilt'l, and reducing 
any Fe present in the solu- 
tion by HgSOj ; then pre- 
cipitating Tl by addition of 
KI, and testing the pp. by 
the spectroscope. 



A more complete scheme for 
the analysis of this group 
pp. will be found in par. 
5<>3. 



Precipitated from the 

filtrate from Group III. by 

excess of HCl. 



As sulphides : — 

V {black). 

W (trace, brown). 

Ni (trace, black). 



This pp. is dried and then 
fused with a mixture of 
Na.,C03 and KNO3: on 
boiling the mass with 
water, NiO remains undis- 
solved ; it is filtered off, 
and its presence con- 
firmed by fusion in a 
borax bead. 

The aqueous solution may 
contain alkaline vanadate 
and tungstate. V is wpa- 
mtcd by saturating the 
li(|uid with A aid, and its 
]>rt>si>nce confirmed in the 
pp. by the borax l>ead 
and by dissolving the pp. 
in IK'l and employing th« 
reactions with U^O^ and 
with Zn (4l»y). 

The filtrate, after concen- 
tration, if necessary, is 
acidifieil with HCl, and 
tho presence of W con- 
firmed by the Zn reaction 
and the microcosmic 
bead (490). 



Group V. 



The filtrate after the separa- 
tion of all the group pre- 
cipitates may contain, be- 
sides Mg, K and^Na: — 

Li, CSy Rb. 



These metals are readily de 
tected by their very char- 
acteristic spectra (p. 66). 
LiCl may also be detected by 
its behaviour with Na2llP04. 

Before proceeding to the spec- 
troscopic examination, it is 
well to convert them into 
chlorides if they are not 
already in that form. 

If the chlorides are evaporated 
to dryness and extracted 
with absolute ether and 
aU*ohol, to which a few 
drops of HCl have been 
atlded, LiCl, RbCI, C^Cl dis- 
solve, whilst the greater part 
of the K(M and NaCl re- 
mains undissolved. 

The solution is evaporated to 
dryness, dissolved in a little 
HCl, imd Rb and Cs are pp4> 
by PtCI^: this pp. is boiled 
with small quantities of 
water until it no longer 
gives the K spectrum, the 
si)ecira of Rb and Cs will 
then be seen, if jiresent. 
Li is found in the filtrate 
after adding PtCl^. 
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TABLE FOR ANALYSIS OF GROUP III. 



[608. 



leMlioes 
unftcroa 
othpagea. 



503. — Table for Analysis op Group III. Precipi- 
The precipitate may contain Fe, U, In, Tl, Al, Cr, Zn, 



After a preliminary spectroscopic examinatioD has been made of a small portion of the 
the general table (5()2), the group pp. is dried and fused in platinum with KIISO4 for 
long time with cola water : — 



Retidue: may con- 
tain TagO^ NbgOft, 
also SiOs and traces 
of Fe and Cr which 
have escaped solu- 
tion. By fusion with 
KClOs and NallO, 
Cr and Si are ren- 
dered soluble in 
dilute NaHO ; from 
the residue in- 
soluble in NaUO, 
TasO^ and Nb^Os 
may be removed by 
washing with dilute 
NatCOi solution. 



So/ufioN: Reduce Fe by adding HgSOa in excess^ dilute oonriderw 
covering the vessel, and by passing a stream of CO) unless it smells 



Pp may consist 
of TiOf, pos- 
sibly also traces 
of Zr. 

Confirm the pres- 
ence of TiO] 
by the micro- 
cosmic bead 
(498). 



FUtrate: add a few drops of strong UNQi, 
and precipitate once more by adding excess 



i)>. may contain Fe, In, U, Cr, Al, Be, Ac. 



Pp. may contain Fe, In, U, Ac Diairfve 
large excess of UCl, add BaC(^ and let 



/^. may contain Fe, In, 
U, also traces of Al 
and Cr. 

It is dissolved in IICI, 
and Nail CO3 isaddtnl 
in excess, whereby U 
alone is obtained in 
solution. 

In is found by the spec- 
troscope: 

Or by fusion with 
NatCOsandKaOg. 



FUtr. u may contain 
Th. Bais pp<. by 
H2SO4, the Uouid 
exactly neutraliaed 
of K^SO^anadded 
allowed to stand for 
pp. is washed wiUi 



'^1 



may contain Zr, 
h, Ce. 

Th and Ce are dis- 
solved away by 
boiling with dilute 
HCl, and are repp** 
by AmIIO. 
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TATE, WHEN THE RaRER ELEMENTS MAY BE PRESENT. 

Mn, Ni, Co, Ti, Be, [Zr, Ta, Nb, Ce, La, Di, Y, E, Th]. 



pp. for TI and In, and Tl has been further tested for, if neceoaary, by KI, as directed in 
m)me time, the cold mass is then powdered and allowed to stand, with shaking, for a 



ably and boil for a long time, preaenring the liquid from oxidation by the air by 
constantly of SOj : — 



concentrate by evaporation, and add AmHO in excess : filter, diasolvo the pp. in HCl, 
of AmHO :— 



Dissolve it in IICl, and add excess of cold strong KHO solution : — 



in IK.'I, boil off any 
stand : 

Zr, Ck-, La, Di, V, E, 
adding excess of 
is concentrated and 
with KHO. Crystals 
and the liquid is 
some hours. The 
K2SO4 solution. 

8ot^' may contain 
Y, E, also Be. 

The solution is 
pp«>- by AmHO, 
and Be dissolved 
away from it by 

H„C804. 



nitrate may contain Al, Cr, Be : dilute and 
lK)il for some time, filter. Al remains in solu- 
tion, and may be pp<i- by adding HCl just in 
exc^B, then AmHO in excess. 

Gr and Be are separated by fusion with NasCOa 
and KClOg, dissolving in water and ppc- ; Be 
by adding HNOs in excess, then AmHO in 
excess. 



FUtrate may 

contain : — 
Zn, Mn, Ni, Co 
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REACTIONS FOR CERTAIN ORGANIC 

SUBSTANCES. 



I. ORGANIC ACID RADICLES. 

The most important reactions are given here for the 
more commonly occurring acid radicles. 



Formates. — Use NaHCO^ 

504. The acid and the salts much resemble acetic acid and 
acetates. 

1. Fe^Cl^ imparts a deep red color to the solution of a formate ; 
the coloration is destroyed by the addition of HCl : on boiline 
the red liquid basic ferric formate is precipitated, and the liquid 
becomes colorless if excess of formate was present, since all the 
Fe is precipitated. This reaction is precisely similar to that for 
an acetate (328). 

2. AgNO^ or HgJi^NO^^ solution, when heated with solution 
of a formate, in the absence of free acid and alkali, yields pre- 
cipitates of black Ag and Hg respectively. 

Solution of HgClj, when heated to about 70° with the solution 
of a formate, yields a white precipitate (HgjCl,) if HCl and alka- 
line chlorides are absent. 

3. Strong H^SO^ when heated with a formate evolves CO gas, 
which burns with a blue flame. No charring or blackening 
occurs, and no evolution of CO,, as in the case of an oxalate 
(317). 

If a formate is distilled with dilute H^Of, a distillate emit- 
ting the pungent smell of formic acid is obtained. 

4. When a solid formate is stroiigly heated it fuses and chars, 
and evolves a mixture of CO and CO,. 



Citrates.— Use Na5C,H507.2H,0. 

505. Citrates much renenible tartrates and oxalates in their 
reactions. Citrates differ, however, by emitting pungent acid 
funics when thev are carbonized by heat, and by darkening 
when they are heated with strong H,S04, but only after the 
mixture has been heated for some time and inflammable gases 
have escaped. 

Further, calcium citrate is only precipitated a/ier long dand" 
ing or mi boiling the liquid when large excess of lime-water or 
Am IK), AmCl and CaCla have been adde<i: the precipitate is 
insoluble in KHO. _ 

Citrates* are not precipitated by solution of KA, 
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Succinates, Benzoates. — Use Am,C4H404 and AmCTHsO,. 

506. Succinic acid and succinates frequently smell of am- 
ber, while benzoic acid and benzoates commonly emit an aro- 
matic smell of gum benzoin. 

Succinates and benzoates closely resemble one another in 
their analytical reactions ; the following differences are, there- 
fore, important: 

Succinic acid is readily soluble in water : benzoic acid is only 
slightly soluble in cold water, and is, therefore, partially precip- 
itated from its solution in alcohol on the addition of water, or 
when strong HOI or any other strong acid is added to its aque- 
ous solution. 

Both acids when heated emit fumes which are very irritating 
to the throat, and which cause coughing when inhaled. 

The addition of BaCl, solution and much alcohol precipitates 
succinates, but not benzoates. A similar difference is shown 
with CaClj. 

Fe^Cle gives a reddish brown precipitate with a succinate, and 
a pale brown or buff precipitate with a benzoate. 



Tannates, Gallates. — Use the acids, CuHioOj and CtH^O^. 

507. These acids resemble one another in yielding bluish 
black precipitates with Fe^Cle solution. Tannic acid may be 
distinguished by yielding a flocculent precipitate with solution 
of gelatin or isinglass. 

Urates. — Use the acid C5H4N4O3, or AmC5H3N403. 

508. HNO3 dissolves the acid with effervescence : if this solu- 
tion is evaporated to dryness in a porcelain dish, and the resi- 
due is moistened with AmHO, bright purple murcxide is formed. 

Salicylates. — Use the acid, CTHgOg. 

509. Salicylic acid melts at 157°, and at a somewhat higher 
temperature decomposes into CO2 and phenol or carbolic acid 
(CgHftO), the change being rapid and complete if the acid is 
mixed with excess of quicklime before it is neated : the phenol 
condenses as a white crystalline sublimate. 

The solution of salicylic acid becomes violet on the addition 
of FcjCle solution. 

Meconates. — Use the acid, C7H4OT. 

510. Meconic acid is present in opium, and may be detected 
in extracts of that substance by tne production of a deep red 
coloration on the addition of Fe,Cl,. 

This coloration differs from that caused by an acetate or a 
formate by not disappearing when the liquid is boiled, and may 
be distinguished from ferric sulphocyanide by its color not 
being destroyed when the liquid is dropped into solution of 
HgCX. 
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II. ALKALOIDS. 

Most alkaloids resemble metals, or rather NHj, in their 
behavior with acids, and may therefore be looked upon 
as basic. 



CiNCHONiNE, Quinine. — Use ciachonine sulphate and 

2C»H24N2.02.H^O,.7H20. 

511. In dissolving quinine sulphate in water a few drops of 
dilute HjSO. should be added. It is intensely bitter and gives 
a pale blue nuorescence : pure solution of cinchonine sulphate is 
not fluorescent. 

1. Solution of alkaline hydroxide or carbonate precipitates 
hydrated quinine from fairly strong solutions of a quinine salt ; 
this precipitate disappears when the liquid is shaken with ether. 

The corresponding cinchonine precipitate is not thus dissolved 
by ether. 

2. Bt' or Cl-water does not color a solution of quinine, but if 
AmHO is afterwards added, an intense emerald green color 
appears. 

Cinchonine solution under these conditions yields a yellowish 
white precipitate. 

3. If Br- or Cl-water is added to a quinine solution, then 
K4FeUyj and one or two drops of KHO solution, a deep red tint 
is produced, which quickly cnanges to dirty brown : this color is 
destroyed by HA, but reappears when AmHO is cautiously 
added. 

4. Tannic acid solution yields in quinine solution a curdy 
precipitate, which is readily dissolved by HA. 



Morphine.— Use CnHisNOs.HCl.SHjO. 

512. This alkaloid is present in opium and opium extracts : it 
is prepared from opium. 

1. KzCO^y or KHCO^j or one of the corresponding sodium 
salts, precipitates from fairly strong solutions M0.2H2O, which is 
insoluble in excess. KHO or AmHO yields the same precip- 
itate, soluble in excess of the reagent. 

2. Strong HXO^ j)r()(liu'es a yellowish red color, which doe« 
not change to vi't/cf 011 the adilition of SnCb. Difference from 
brucine. 

3. ^Vfj/Zm/ /('2^V,; solution, if adtled drop by drop to neutral 
morphine solution, produces a dark blue color: this disappears 
on the ad(liti(>n of an acid. 

Fromiodic acid morphine and its salts separate iodine: this is 



613.] MORPHINE, STRYCHNINE. 309 

shown by the liquid becoming brown, but the iodine i& more 
certainly and readily detected by adding starch solution, or by 
shaking the liquid with CS- (268) ; the brown coloration of the 
solution becomes more intense on the addition of AmHO. 

The test is very delicate and characteristic if the solid sub- 
stance is moistened with a solution of one part of iodic acid in 
fifteen of water, and solution of one part of starch in four hun- 
dred of water is added : on pouring very dilute AmHO upon 
the blue solution thus obtained a colored ring is seen at the 
surface of contact of the solutions, which is blue below and brown 
above. 

This reaction serves to distinguish morphine from other 
organic substances containing nitrogen. 

5. H2SO4 gives no color when added to a solution containing 
morphine, but on dropping a crystal of K^CrjO, into the acid 
liquid contained in a white porcelain dish, and slowly moving 
the crystal about with a gla^s rod, an intense green color ap- 
pears. 

6. If solid morphine or any of its compounds is dissolved by 
heating it with a few drops of strong H2SO4 for fifteen minutes 
upon the water bath, ana a little H2SO4 containing HNO3 (see 
below) is added to this solution, a violet red color appears : on 
dropping in a fragment of MnOa it becomes surrounded by an 
intense mahogany red coloration. 

The acid mentioned above is prepared by mixing six drops of 
HNO3 of 1'25 sp. gr. with 100 c.c. of water, adding ten drops of 
this mixture to 20 ^ams of pure strong H2SO4, and mixing 
twenty drops of this solution with two or three drops of water 
before adding them to the morphine solution. 



Strychnine. — Use C21H22N2O2. 

513. In dissolving strychnine in water a drop of dilute 
H2SO4 should be added. The solutions are very poisonous : 
they possess an intensely bitter taste even when they are ex- 
tremely dilute. 

1. Strychnine dissolves in strong H2SO4 to a colorless liquid : 
on adding a fragment of KjCr^OT to this solution in a porcelain 
dish and slowly moving the bichromate about by pushing it 
with a glass rod, a bluish violet coloration is proauced, which 
gradually changes to red or yellow. 

The presence of morphia, or of metallic chlorides or nitrates, 
interferes with this reaction : if any of these should be present, 
the strychnine may be precipitated by the addition of K^FcjCyi^ 
or of K2Cr04 solution, filtered off* and slightly washed on the 
filter, and then stirred with the strong H,S04. 

2. Cold strong HNO^ dissolves strychnine without beconaing 
colored, but the solution acquires a yellow tint when it is 
heated. 
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Naecotine. — Use CmH^NOt, or its sulphate. 

514. Narcotine is present in opium, but is not extracted by 
the processes usually employed. 

1. Strong H^SO^ gives a bluish violet coloration changing to 
orange, but in some specimens a yellow solution is produced 
at once. 

When this liauid is gradually warmed it becomes first orange 
red and then bluish violet, or purple stripes proceed from the 
edge of the liquid surface : on cooling, the color changes to 
cherry red. If the heating is pushed to the initial evaporation 
of the acid, an intense reMish violet color is produced. 

2. If narcotine is subjected to reaction (512,6) for morphine, 
an intense red coloration is produced on the addition of the 
acid reagent, and this does not alter when MnO, is dropped 
in. 



Brucine. — Use Q^^fi^, or its sulphate. 

515. The substance Im most readily dissolved in water when a 
drop of HjS04 is added. 

1. Strong HNO^ yields an intensely red coloration, which 
graduall V changes to yellowish red and yellow when the liquid 
is heatea : when SnCfj is added to the hot solution it becomes 
intensely violet. Difference from morphine. 

2. With strong H^SO^ a rose-colored solution is obtained, 
which changes to yellow. On adding the acid reagent de- 
scribed in 612,6, the liquid becomes red, but quickly chang 
to yellow. 



II. CERTAIN OTHER ORGANIC SUBSTANCES. 



Alcohol, or Ethyl Alcohol. — Use weak spirit 

516. Pure ethyl alcohol boils at 78°'4 under 760 mm. mercury 
pressure, and has a specific gravity of 0*7938 at 15°'6. It boms 
with a pale blue smokeless fiame. 

If the alcohol is very dilute, it may be necessary to add 
Nji^CO, in excess to the liquid, and distil over about one-third 
of it : the alcohol is thus concentrated and is the more readily 
detected by Tests 1 and 2. 

1. If Na.^COj solution is added to water containing a little al- 
cohol, and the mixture is dij^^ested for some time at a gentle heat, 
occasionally dropping in small pieces of iodine until the solu- 
tion retains a brown color, golden yellow crystals of iodoform will 
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separate after several hours : if very little alcohol is present, ten 
or twelve hours may be necessary for the formation of these 
crystals. 

When examined under the microscope, the crystaLs are seen 
to be hexagonal tablets or six -pointed stars. 

This reaction is yielded by other substances besides ethyl 
alcohol, and is therefore not distinctive. 

2. Alcohol may be converted into HA by heating it for some 
time with KjCr^OT and H^04. Aldehyde will be smelt first 
and then acetic acid. If the smell of the acid is not distinctly 
perceptible, the liquid may be distilled and the first portion of 
the distillate neutralized with Na^CO,: this solution is then 
evaporated to dryness and the solid residue is tested for an 
acetate (326-328). 

Acetic acid may result from the oxidation of other substances 
besides alcohol. 



Starch. — Use potato or rice starch in powder, (CgHioOs)^. 

517. Starch is insoluble in cold water, but passes into a trans- 
parent liquid when it is boiled with water; this liquid becomes 
gelatinous on cooling, if much starch is present. 

1. Starch granules may be identifiea by their appearance 
when examined by a quarter-inch object-glass under the micro- 
scope .- viewed as transparent objects, they appear round or 
oval, with more or less concentric dark rings. Many kinds of 
starch granules show a cross when examined by polarized light. 

These appearances are not visible in starch which has been 
exposed to heat. 

2. If starch is boiled with water, the solution when cold 
assumes an intensely bluish black color on the addition of a 
drop of solution of iodine : this color disappears when the liquid 
is heated, but frequently reappears when it is cooled. 



Grape Sugar or Glucose. — Use (C,Hi20,)«. 

518. Glucose is distinguished from other sugars by yield- 
ing only a yellow solution with strong H28O4 in the presence 
of a little water if the mixture is kept cool : other sugars be- 
come black by charring. 

Glucose when warmed with strong KHO solution becomes 
brown, while other sugars remain uncolored. 

1. If a few drops of CUSO4 solution are mixed with glucose 
solution and excess of KHO is then added, no precipitate is 
formed, but when the liquid is boiled, red CujO is precipitated. 

3. If clean, freshly- washed yeast is added to glucose solution, 
and the liquid is kept at a temperature of about 25^ for an 
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hour or more in the flask shown in Fig. 44 (page 138), fermenta- 
tion will take place with the production of ethyl alcohol and 
carbon dioxide gas. 

The escaping gas may be detected by letting it bubble through 
lime-water (229, 4), and ethyl alcohol may be found in the 
liquid which remains in the flask by the reactions given in 
paragraph 516. 



Urea.— Use CH,N,0. 

519. Urea resembles the alkaloids in directly combining with 
acids to produce salts. 

1. Strong HNO^, if added to solution of urea, causes the 
separation of the crystalline nitrate: under the microscope 
these crystals are seen to be delicate rhomboidal scales. 

2. KHO when heated with urea solution slowly evolves NHj, 
and yields KjCO,, which effervesces on the addition of an acid. 

3. Hg(NO^^ yields a white precipitate in urea solution. 



Albumen. — Use white of egg, 

520. Solution of albumen is readily obtained by stirring or 
shaking the fresh, unboiled white of egg with water and strain- 
ing the solution through linen or allowing it to settle. 

1. Albumen is readily coagulated and precipitated as white 
flocks from its solution in water either b^ boiling the solution 
or by adding it to strong HNO. or solution of HgCl,. Solu- 
tion of CUSO4, alum, or of other salts precipitates albumen 
from its solution less completely than HgOl, does 



SECTION yn. 



LABORATORY FITTINGS, APPARATUS, CHEM- 

ICALS AND REAGENTS. 



In this section such directions are given as have been found 
by experience to be of value in fitting and furnishing a labora- 
tory and in maintaining it in working order. 



Laboratory Fittings. 

630. The building, fitting, heating and ventilation of 
a cheraical laboratory are niattere of prime importance in 
securing the comfort, health and convenience of the lab- 
oratory student, and in recent years very considerable 
advances have lieen made in these matters. For detailed 
information on these subjects, reference should be made 
to papers by E. C-. Robins, which are published in the 
Transactions of the Institute of Bntish Architects for the 
years 1882-3 and 1883-4. 

With regard to the building, it must £uflBce to state 
here that the main points requiring attenticm are that the 
internal air space, ventilation and window lighting, lK)th 
from the top and sides, should \\q secured on as ample a 
senile its possible. Th(* inner surfaces of the walls should 
either l)e of glazed brick, which can be easily cleaned when 
n(»ces8ary, or the rough brick or phister surface should be 
covered with lime wash or distemper, which can be fre- 
quently and cheaply renewed. 

Around the walls, in the spaces between the windows, 
there should Ix; large and small njcesses, each of which is 
lined with white glazed tiles, has a glazed hood above and 
28 313 
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is closed with a sliding sash in front : it is provided at 
the top with an outlet, through which a strong draught 
is caused. These draught cupboards should be provided 
with several gas supplies for Bunsen burners, the taps 
being on the outside of the cupboard : they should also 
be furnished with a gas-jet for lighting the interior when 
necessary. The bottom of the cupboard may be covered 
with sheet-lead, and provided with a small grid, through 
which liquids escape into a drain-pipe. Some, at least, 
of these cupboards should also be provided with a water 
supply pipe. A strip of India-rubber draughts-excluder 
fixed along the top of the inner frame, and lightly touch- 
ing the glass, prevents the escape of fumes when the sash 
is partly opened. 

One or more of tlio larger draught cupboards will be 
reserved for the sulpliuretted hydrogen apparatus (534) : 
it will be found well to provide such a cuplxmrd with 
small doors, through which the gas may be utilized, so as 
to prevent it from escaping in large quantity into the 
laboratory by opening the large sash. A frame containing 
pairs of little hinged glazed doors, each about six inches 
by eight, may be introduced beneath the sliding sash, 
and this enables a student to open as much of the cup- 
board as is absolutely necessary for introducing his solu- 
tion ; while the whole sasli can l)e raised for cleans- 
ing or replenishing the sulphuretted hydrogen appa- 
ratus. 

One of the draught recesses is kept open for the steam 
ovens, small boiler ajid condenses which is described in 
535. 

Two or more doo^ box sinks covered with sheet-lead 
should be ])rovidcHi for general use ; these have large 
water-ta|>s fixed alH)ve tliem at some distance from the 
back of the sink. It will l)e found convenient if each 
sink is suppliwl witli three taps, two of which deliver 
low-pressure water, liot and cold, and a third is con- 
nci'tcd with a high-pressun* water SiTvia^, u])on which 
a firi^hose can Ik* at on(*e adapted. 

In the frontispiece illustration of this book a block of 
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four laboratory benches in the Nottingham University 
College is shown; two of these are presented to the 
observer, and are therefore visible in detail. It is con- 
venient to arrange the benches in this way, since it ena- 
bles the washing-sinks and water-taps to be placed at 
the end of the bench and yet to be accessible to each 
student: this prevents the surface of the bench from 
being wetted and soiled when apparatus is being washed. 

The sinks are of stoneware, with half-inch outlet pipes 
unprotected by grids : these pipes discharge into stone- 
ware pots, the overflow from which into the drain-pipes 
is througli a curved stoneware tube near the top : solid 
matter passing down the sink-pipe settles in this trap- 
pot, and is got rid of by taking out the ix)ts and empty- 
ing them into a pail every few weeks : floating paper or 
other light substances which may be carried into the 
main pii)es are removed by flushing them (xjcasionally 
with high-pressure water. Any stoppage in the straight 
sink-pipe is readily pushed through with a stout cane. 
Over each sink there are three low-pressure taps for 
washing and for supplying condensers, and two high- 
pressure taps for aspirators. 

Lead-covered sinks lessen the number of breakages 
caused by dropping apparatus while it is being washed ; 
but they are easily corroded by acids, and are less 
cleanly: a wooden grid laid on the bottom of a stoneware 
sink lessens the risk of breakage. 

Each bench is provided with an aperture leading to a 
strong down draught, and into this aperture a copj^er 
hood can be fitted, which serves to carry away acid va- 
pors or badly-smelling gases. This ajxTture is stopped 
with a w(H)den plug when the hood is not in use, in 
order to improve the draught on other benches. Cop- 
per hoods, which are occasionally cleansed and painted 
with Brunswick bla(*k, answer well ; but fixed small 
earthenware hcKxls may be more convenient. A glazed 
draught hood extending along the top of the centre 
shelf rack of the benc^h has been found to answer well: 
all heating and eva|K)ration of liquids is then carried 
out on a raised shelf under this hood. 
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The laboratory bench itself is made of stout American 
walnut wood, the whole of which is stopped and var- 
nished, with the exception of the working surface of the 
bench, which should be well saturated with oil and then 
rubbed up. This working surface is preserved by being 
occasionally thoroughly washed, dried and oiled. Less 
durable and expensive wood covered with sheet-lead 
has been found to serve well for a bench top. 

The bench may be 3 feet in height with a depth of 
25 inches ; and a gangway of 6 feet between the ix)W8 
of benches is not too broad for convenience of passage. 

Two gas-taps ai-e fixed on each bench for supplying 
Bunsen burners, and one lighting burner is provided at 
a convenient height for illuminating the bench at night. 
A space of seven inches between the reagent shelves will 
be found suitable for ordinary bottles. 

The working bench is supplied with two lockers, each 
of which has two drawers above it. In order to lessen 
the number of locks, which are liable to rust in the 
laboratory atmosphere, a flat iron bar is fastened upon 
a staple by a padlock in front of the two drawers and 
locker. By this arrangement of lockers two students 
are enabled to use the same bench at different times. 
Each locker should have a different key; but all the 
locks are under the control of master keys kept by the 
attendant and teachers. The drawers siiould be about 
3 inches in depth, and are conveniently divided by wooden 
strips: a shelf in the hx^ker should not extend more than 
half across, so as to leave standing-room for tall apparatus. 

Besides the ordinary working l)enches, there should be 
at least one long l)encli well supplied with gas and water- 
taps and with overflow pipe : this serves for making up 
solutions, for distillations and for other large ^operations. 
There should be a larj]^e bench made of a slate slab, and 
coven^l at a height of several feet with a metal hood, 
under wliieli is a good draught outlet : tliis Ixiuch must 
be supplied with a half-iiieh gas-pi|)e and ta|>s, and with 
watcr-tajxs and overflows : it serves to sup|)ort water- 
batlis, air-baths, (combustion furnaces and gas fiu*naces 
of all kinds. 
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A blowpipe table, the top of which is edged round 
and is covered with sheet-lead or zinc, should be pro- 
vided ; this must be well supplied with gas-taps for gas 
blowpipes and luminous burners for bending glass ; and 
two or more Fletcher's bellows should stand beneath 
it. It is also well, if possible, to have a water-blowing 
apparatus near at hand to supply a blast to the blowpipes 
for long operations. 

Opening into the general laboratory there should be 
at least two separate apartments, one serving for stores 
of chemicals and apparatus and the other for a reference 
library and for delicate metal apparatus, such as chemi- 
cal balances, mi(;rosco|xj.s, spectroscopes and polarisoopes. 
This apparatus, more especially the chemical balances, 
should stand on a broad shelf, which is at a convenient 
height for sitting ; the shelf is supported on iron brack- 
ets from the wall, so as to be secure against disturbance 
from the vibrations of the floor. The spectroscope and 
j)olariseope should have draw-curtains of black lining 
material, so arranged that when the instruments are in 
use light from outside may be pretty well excluded. A 
large central table should also be provided for use in 
writing and reading. Special low tables, with a raised 
flange for gas apparatus and other experiments involving 
the use of mercury, are necessary : and to provide against 
the loss of mercury spilt from these tables, it will be well 
to have the floor covered with linoleum. 



List of Bench Apparatus. 

Detailed description of apparatus is rendered unnecessary by 
the fully illustrated and descriptive price-lists now furnishea 
by the apparatus sellers. 

531. A list of the apparatus which should be kept in 
each bench locker will be found facing page 1 : it is re- 
peated here, with details of dimensions and other matters. 
In Section I. of the book directions are given for prepar- 
ing and fitting apjmratus. The Bunsen burner, with its 
india-rubber tulxi, may be left attached to the gas-tap on 
the bench ; all the other apparatus should be locked up 

28* 
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in the bench locker when not in use. Most of this ap- 
paratus is seen in the frontispiece illustration. 

1 Bunsen burner (1), about 5J inches in height, with f-inch 

tube, and means of closing the air-holes (1). 
1 Rose top to fit the burner. 
1 Fletcher's argand Bunsen burner, } inch size, is convenient 

for boiling the wash-bottle. 
1 Piece of red or black india-rubber tubing ^ inch in internal 

diameter and 16 inches long, to supply ^as to the burner. 
1 Test-tube stand with twelve holes, two ot which are at least 

1 inch across, and with no draining pegs. 

1 Test-tube brush (11), or a cleaner with flat india-rubber end. 
12 Test-tubes, 5 inches long, | inch in internal diameter. 

2 Boiling tubes, G inches long, 1 inch in internal diameter. 
2 Round glass plates, ground on one side, 3 inches across. 

2 Berlin porcelain evaporating dishes with spouts, glazed in- 
side and out, and 3 inches in diameter. 

2 Watch glasses, 2 inches across. 

1 Conical flask of four ounces capacity. 

1 Wedgewood mortar, 4 inches across, pestle with wooden 

handle. 
1 Galvanized iron tripod stand, 7 inches in height, with round 

top 4 inches across ; these dimensions are suitable to the 

above burner. 
1 Square of coarse iron wire gauze, 5 inches in the side ; best 

with the corners clipped otT. 
A square of asbestos millboard may be used instead of the 

gauze. 

3 Plain glass funnels, two of them 2J inches across, and one 2 

inches across. 

3 Beakers without lips, wide form, of 1, 2 and 3 ounces ca- 
pacity. 

3 Glass rods, round at the ends, 7, 6 and 3 inches in length. 

1 Piece of platinum foil, 1 inch by IJ inches. 

2 Pieces of mounted platinum wire (7), each 2 inches long and 

about as stout as an ordinary sewing needle. 
1 Blowpipe, Black's japanned tin. 
1 Pipe-clay triangle, 2 inches along its sides. 
1 Wash-bottle (10), made by fitting a conical 18-ounce flask, 

which is at least 1 inch across the inside of the neck. 
1 Retort stand, upright rod 16 inches, foot 6 by 3J inches, 

e:alvanized iron, with 3 rings of brass or gun-metal, the 

lirgest 3 inches across. 
1 Wooden filter stand (page 48), rod 12 inches high, two rings 

on one boss, each 21 inches across, foot 5 inches by 8 by J 

inch. 
1 Pair of polished brass crucible tongs, 6 inches long. 
1 Small horn spatula, 3A inches long. 
1 Wicker oval draining basket, 10 inches by 8, and 4 inches 

deep. Cut filter papers 4^, 3^ and 2} inches across. 
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List of Special Apparatus for Section II. 

632. This apparatus need not be supplied to each stu- 
dent, but several sets should be kept in an accessible 
position in the laboratory, whence they may be fetched 
when required : this apparatus should never be kept in 
the bench lockers. An asterisk indicates that the appa- 
ratus is also required for chemical analysis. 

*1 Nest of the three or four of the smallest sizes of brass 

cork-borers. 
*1 Triangular file, without wooden handle. 
*1 Thin round file, without wooden handle. 

* Several lengths and pieces of hard glass tubing about i inch 

internal diameter. 
*] Gross of ignition tubes 3 intihes long, } inch across. 

* Corks as free as possible from holes and cracks, sizes 

varying from j to J inch across. 
1 Small metal clamp in a boss which fits on the retort stand 

(see Figs. 15, 37, on pages 18 and 64). 
1 Stoppered bell-jar of 16 ounces capacity. 
4 Glass cylinders on feet, with ground edge at top («eefig. page 

20), 8 inches high, 1| inches across. 
4 Similar cylinderH, 6 inches high, IJ inches across. 
1 Round brown stoneware trough, 12 inches across, 5 inches 

deep. 

1 Metal deflagrating spoon, with brass cap, 2} inches across. 

2 Two-neckea Woulffe's bottles of 8 ounces capacity. 
2 Two-necked Woulffe's bottles of 4 ounces capacity. 

1 Tubulated retort of 6 ounces capacity. 

2 Thistle funnels, 8 inches long. 

1 Clock glass, about 4 inches across. 

4 Pieces of red or black india-rubber tubing ^ inch in inter- 
nal diameter and H inches long. 

* A good supply of wooden spills, or thin strips of wood. 

* A good supply of wax tapers, about 11 inches long. 
A small piece of thin candle. 

1 Tube (Fig. 20 a, page 26), 6 inches long, filled with small 

pieces of calcium chloride. 
4 Strips of sheet-lead, 6 inches long, J inch broad. 



List OF Apparatus for General Use in Analysis. 

533. The following apparatus is kept in the laboratory 
for the general use of ^tudeut^ who are doing chemical 
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analysis. One set will suffice for about twelve students. 
Each article should have its own place in the laboratory, 
and should be returned to it immediately after use, since 
it may be required by other students. Apparatus in 
532, which is marked with an asterisk, is also required 
for analysis. 

1 Spirit lamp, 4 ounces in capacity, with earthenware wick- 
holder and ground glass cap. 

1 Charcoal borer of conical form. 

4 Tin filter-dryers. 

4 Berlin porcelain crucibles, IJ inches across, with covers. 

1 Iron mortar 8 inches across, and pestle. 

1 Fletcher's foot-bellows, No. 5 ; and blowpipe table covered 
with sheet-zinc or lead. 

1 Fletcher's Bunsen burner, with central blast and two taps. 

1 Fletcher's solid flame burner; with tripod for boiling \aige 
dishes. 

1 Fletcher's injector furnace for strongly heating large cruci- 
bles. 

1 Microscope, with at least a J-inch object-glass. 

1 Spectroscope, Bunsen 's table form. 

1 Spectroscope, direcNvision, pocket form. 

1 Indigo prism, stoppered. Tnis is nearly filled with solution 
of indigo in strong sulphuric acid, the dry stopper is in- 
serted into the dry neck and securely fastened down with 
fine copper wire : melted paraffin wax is then run over the 
stopper and neck. The indigo solution is made by mixing 
commercial sulphindigotic acid with about ten times its 
measure of strong sulphuric acid, letting settle for several 
days, and decanting into the prism. 

1 Agate mortar 3 inches across, and pestle, which is used 

for reducing to fine })owder hard substances which have 
been already broken into minute fragments ; this must be 
done by trituration, and blows are on no account to be 
struck with the pestle. 

2 Small leaden cups, about IJ inches across and J inch deep 

(296). These are made by beating sheet-lead into shape. 

2 Copper water-baths, 5 inches across, with four diminisning 
rings. One large bath with several openings may replace 
these. The baths when in use should be about two-tnirds 
filled with water, and the flame is adjusted so that the 
water is kept just boiling. Evaporating basins placed on 
the bath cannot be heated above 100° C. 

2 Pairs of conical flasks fitted as is shown in Fig. 41 (page 118). 

2 Tubulated flasks, 4 ounces in capacity, see Fig. 44 (page 138). 
A box of assorted pieces of wood charcoal, as free as possible 
from cracks and nrom bark. 
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SULPHUKBTTBD HyDBOOEN APPARATUS. 

534. Sulphuretted hydit^n gas is constautly required 
by the analyst, and should he readily obtainable at any 
time in a comstant stream : arrangements must be made 
for preventing this liadly- smelling gas from polluting the 
atmosphere of tlie laboratoiy to any lai^ extent. Both 
these objects, together with economy of materials, are 
better secured by the use of a lai^ apparatus in common 
by many students than by the employment of a small 
private apparatus by each student. 




The gas is most readily obtained by the action of some- 
what diluted cold commercial hydiwhloric acid upon 
fragments of ferrous sulphide. The apparatus in which 
the gas is prepared has asfumed many forms ; ^^f^^ 
fiiiured in section and descril)cd Iwlow is recommended by 
its simplicity, cffi<ieney and chesipncss. 

Two large tubulated bottles (A and B), each of at least 
two quarts capacity.are fitted as isshown in Fig. 45, A 
and B being connected one to another by a piece of broad 
india-rubber tubing,aiid B communicating with the wash- 
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bottle (C) by narrow rubber tubing : the stoppers used 
should also be of rubber, as these are more durable and 
gas-tight than ordinary corks. The delivery tube (D) is 
connected with the washing-bottle by means of an india- 
rubber joint, which can be partially or entirely closed by 
means of a screw clamp (E). 

In charging the apparatus, B is laid on its side, and 
lumps of ferrous sulphide are introduced until the bottle 
is full : the washing-bottle (C) is then partly filled with 
water, and the three bottles are connected ; the clamp E 
having l)een closed, A is about half-filled with a mixture 
in equal measures of strong commercial hydrochloric 
aoid and water. 

When the gas is requii-ed, A is raised on a suitable 
stand and the clamp E is gradually opened, until a r^- 
ular stream of bubbles passes through the water in C A 
part of the acid will run int<j B and evolve HjS from the 
FeS, and the gas will be forced out by the pressure of the 
acid remaining in A. Before escaping through the tube 
D it is washcfl free from small drops of licpiid containing 
IICI and FeCl. l)y passing through the water in C. The 
levels of the liquids in the lH)ttles while the gas is being 
pnxluced are showii by the horizontal dotted lines. 

When the gas is no longer required, the screw clamp at 
E is gradually tightened, until the stream of bubbles 
through the water in C isarre^teil ; the gas accumulating 
in B will then force the acid out of B back into A, and 
if the glass tul)e at the lx)ttom of B is l)ent as is shown 
in the figure, the acid will be almost wmipletely expelled. 
This will cause the pnKluction of the gas to cease, but it 
will recommence immediately on opi»ning the clamp E. 

During the hours of laborat4)ry work A should remain 
raised on its stand, and the apparatas is then always 
ready for use : at other times A is placed down in the 
position represented in dotti^l outline in the figure. B 
should 1k' permanently somewhat raise<l to facilitate the 
outflow of the acid when A is lowered. The escape of 
U2S dissolvcxl in the acid is much lessened in amount by 
fitting a funnel containing water or glycerine in the 
stopper at the top of A. 
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When the acid is spent and no longer evolves the gas 
from the FeS, it is emptied away and replaced by fresh: 
lumps of FeS are also occasionally filled into B. 

The apparatus should stand in a closet, lined with 
glazixl white tiles, and furnished with a good draught ; 
tiiG Irottom of the cupboard should be covered with 
sliectrlead and furnished with a drain-pipe for the spent 
acid, and a gas-jet should be provided for lighting it at 
night. This closet must not be used for any other pur- 
pose. Arrangements should be maile for a large open- 
ing in front for recharging the apjiaratus, but a small 
iloor only should be used for introducing the solutions 
through which the gas has to l)e paiised. If the front 
of the cupboard is ojtened by moans of a glazed 
sliding sash, a frame containing pairs of glazed hinged 
doors, each about six inches by eight, may be introduced 
into the groovts beneath the sash ; these doors enable 
the apjiaratus to be used with the least possible opening 
of the closet. Such an ap{>aratus should serve twelve 
or more students, accoiding to circumstances. 

An apparatus for itrivate use may be fitted as shown 
in Fig. 46. The larger bottle 
contains pieces of ferrous sulphide F"'- ^■ 

u}K)n which HCl, diluted with an 
equal measure of water, is poured 
through the thistle-funnel: the gas 
passes through a little water in Uie 
smaller bottle, and thence into the 
solution to i>e saturated. The use 
of a small ap()aratus by each 
student in a lai^ laboratory is 
not to be recommended, since it ^ _ _ " =' 

causes unnecest*ary waste of time ' ^ 

iHid materials, and does not permit of satisfactory con- 
trol of the stream of gas which is evolved. 

Pausing sidpkuretled hydrogen. — Each student should 
keep a bent glass tub^, I) (Figs. 45, 46), which may be 
fitted upon the suljjhuretted hydn^n apparatus, and 
serves to conduct the gas into a solution. When a 
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liquid is to be saturated with the gas, the end of this 
tube should be passed down to the bottom of the vessel 
containing the liquid, and a regular stream of gas is 
then caused to bubble through the liquid by gradually 
opening the clamp E (Fig. 45) or by introducing a suf- 
ficient quantity of acid into the larger bottle shown in 
Fig. 46. 

To avoid unnecessary waste of gas the liquid should 
be of sufficient depth to absorb much of the gas, and the 
bubbles should not pass too fast to ha readily counted. 
The passage of the gas should be continued for four or 
five minutes if the quantity of metal to be )>recipitated 
is large, and the liquid must smell strongly of the gas 
after the air above it has been blown out. The tube 
D must be thoroughly cleansed immediately after use. 

It will be found convenient to keep a bottle of dis- 
tilled water saturated with H2S : this is prepared by 
passing a regular stream of the gas through water nearly 
filling the bottle, until on removing the bottle, clasing 
its mouth tightly with the thumb and shaking it vio- 
lently, no suction is felt on the thumb, but rather an 
outward pressure. 

Distillation of Water: Steam Ovens. 

As has been already shown (25), water ordinarily 
contains certain solid substances dissolved in it, which ren- 
der it, in a chemical sense, impure ; such water is, there- 
fore, unfit to Ix^ employed for the processes of solution 
and washing precij)itates, since any impurity thus intro- 
duced into a substance during analysis would be cx)n- 
sidered, when detected, to have been present in the 
original substance. 

The quantity of these impurities present in any par- 
ticular water supply will depend upin the nature of the 
soil with which the water has been in contact before its 
collcH'tion. The water supplied in some districts 
will be found, when subjcx'ted to the t<^st8 given 
in Remark 41 (552), to be almast piM-fectly pure ; 
carefully collected rain-water will yield little or no 
indication of dissolved impurity : the water supplied 
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to the majority of laboratories will, however, be found 
to be unfit for analytical purposes until it has been freed 
from the solid substances dissolved in it by being sub- 
jected to the process of distillation. 

In most towns distilled water can be purchased, but 
it is preferable to distil all the water required for use 
either in the laboratory itself or in its immediate neigh- 
borhood. For this purpose the steam obtained from a 
steam-boiler or from a copper still heated by a furnace 
or gas-burner, or from the water- baths and steam ovens 
in the laboratory, is condensed by a block tin worm-pij)e 
immersed in a tub through which a constant stream of 
cold water runs. 

535. The distillation of water may be advantageoxialy 
combined with the heeding of drying ovens to a tempera- 
ture not exceeding 100° C. For this purpose one of 
the tiled recesses in the laboratory wall is furnished with 
a glazed projecting hood and with a good draught from 
the top. Into this recess the arrangeuient represented 
in Fig. 47 is fitted, where the copper boiler and a stone-^ 
ware collecting jar are seen resting on the floor of the 
recess, whilst the set of double-cased copper ovens and 
the still-tub are supported on a strong iron grating above. 

The steam generated by the powerful Fletcher burner 
passes from the boiler through a pipe which terminates 
several inches above the bottom of the outer casing of 
the ovens. It then makes its way between and around 
the various ovens, undergoing partial condensation in 
heating them ; and the hot condensed water thus pro- 
duced flows through a pipe, the opening of which is 
flush with the bottom of the oven casing, into the stone- 
ware jar, from which hot distilled water may l)e drawn 
when the apparatus is at work. This pipe has a U-bend 
to prevent the escape of steam. 

Any steam which is not condensed in heating the ovens 

passes from the upper part of the oven casing into a 

block tin worm inclosed in the tall still-tub, and drops 

as distilled water from the end of the worm-pipe into a 

13 
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second stoneware store-jar provided with a tap below. 
The level of the water inside this jar is shown by a 
syphon gauge such as that seen in Fig. 48. 

The still-tub is supplied with a stream of cold water 
from a pipe, in which is a control tap, seen at the right 
hand side of figure; and from the opposite side of the 
still-tub the heated condensing water flows into a little 

Fig. 47. 
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feeding vessel attached to the side of the boiler: a por- 
tion of it serves to keep up the water-level in the boiler 
to the dotted level in the figure, and the rest flows away 
into the drain pipes through a central pipe seen in the 
feeding vessel . 

All the ('onue(;tions are made by means of screw union 
joints, so that the apparatus may l)e quickly and easily 
disconno<'t(Hl for removing the incrustaticm in the boiler 
and on the condensing worm, and for repairs. 
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This apparatus has been allowed to run uninterrupt- 
edly for several days and nights in succession without 
any attention, after the gas burner had been lighted and 
the supply of condensing water had been regulated by 
the tap. 

It has been found possible to attain a higher tempera- 
ture than that usually recorded in a steam oven, by dis- 
pensing with the usual inlet for air through the door and 
admitting the air through a narrow copper tube, one 
end of which is seen immediately beneath each door, the 
other end opening into the oven jBush with its bottom : 
the pipe itself is thus constantly surrounded with steam, 
and the air passing through it into the oven enters at a tem- 
perature of nearly 100°. There is a small outlet for air 
provided at the upper part of the back of each oven. 

If the process of distillation and heeding the steam ovens 
are not combined in one apparatus, the constant still, 
figured and described below, will be found very service- 
able. The sketch in Fig. 48 renders a lengthened de- 
scription unnecessary : it re))resent8 the apparatus in 
section. 

The water in a copper-still (A) is heated by the flame 
of a Fletcher burner or of a large-sized Bunsen burner, 
and the steam thus generated passes from the top of the 
still through a spiral tin tube immersed in water in the 
condensing tub (B), which is made of copi)er or galvan- 
ized iron ; from this condenser the distilled water flows 
into a large stoneware vessel (C), which is furnished 
with a tap Ixilow from which the water is drawn 
when required. A long syphon tube (CD) serves as a 
gauge to indicate the level of the water inside the jar. 

The condensing-tub (B) has three tulK« let into the 
side facing the still ; one of these (d), placed about an 
inch al)ove the bottom of the vessel, is the inlet for cold 
water from a cistern, the water-level in which must be 
higher than that maintained in A and B ; this level, 
marked by the single dotted line, is kept constant by the 
overflow tube €, which is connected with a pipe leading 
to a sink or drain. Just below this overflow tube is a 



328 



CJONSTANT PROCESS FOR THE 



[686. 



short tube (/), which is on a level with another (ff) 
opening into the side of the still ; when these two tubes are 
connected by means of an india-rubber joint or a screw 
union, a supply of warm water from the upper part of 
the condenser is furnished to the still and keeps the 
level of water in it constant ; a small glass jet drawn out 
from a piece of glass tubing is fitted into this connect- 
ing tube, and has been found sufficient to prevent an 

Fia. 48. 




undue circulation of water between the still and the con- 
denser. 

The still is supported on an iron ring, projecting as a 
brac^ket from the condenser. Time is economized by 
having two tiips in the inlet tube {(l) or by using 
two clamps on the in(lia-nibl)er joint which (»on- 
iu)cts it with the supply pipe from the cistern, 
sinw the flow of water may then Ik* regulated once 
for all by one tap or clamp, the other being used 
only for stopping and starting the stream. The 
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copper still should be furnished with a lid screwing upon 
its mouth for convenience in removing the deposit which 
collects within, and into this lid should be fastened 
a brass tube carrying a screw union by which the tin 
condensing pipe may be fastened steam-tight to the 
still. 

The advantage of this apparatus lies in the fact that 
the still is constantly supplied with the hottest water 
from the condenser through tlie lateral tube, and that 
when the apparatus has been properly fitted up and the 
supply adjusted, it reijuires no attention whatever except 
lighting and extinguishing the gas under the still, and 
turning the water supply on and off when the distilla- 
tion is started and stopped. It is advisable occasionally 
to remove the incrustation from the interior of the still, 
and from the supply-tube connecting it with the con- 
densing vessel. 

The wooden stand for the still and storing jar is con- 
veniently fitted with shelves and doors to serve as a store 
cupboard. 

Such a cop|)er-still, twenty-three inches in circumfer- 
ence below and eight inches in height, when filled to a 
height of four inches and heated by the largest Bunsen 
burner, yields two litres of distilled water per hour. 

In laboratories which rcfjuire a larger supply of dis- 
tilled water than can l)e furnished by the above ap- 
paratus, a copper still of several gallons capacity may be 
set in masonry and heated by a small furnace fed with 
coal, coke or gas. The overflow from the still-tub 
should then pass into a small cistern, the overflow pipe 
of which keeps its water surface level with that required 
in the still : and the still is supplied with hot water by 
('(>nne(^ting it with the cistern by means of a tube bent 
downwards in its middle so as to prevent the backward 
passjige of water from the still to the cistern. 

The purity of distilled water may be ascertained by 
the tests described in remark 41 (552). 

TJie steam oven is a small oven of sheet-copper, which 
is used for drying substances at a temperature not ex- 
ceeding 100° C. If such ovens are not heated by steam 

29^ 
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from a Befmrate Irailer, one or more of them should be 
liojitcd by boiling wjiter io the sjMce between the oven 
itsolf and a ooppcr <:asing wliicli surrounds U (Fig, 49). 
The outer casing often bas a circular opening cut in the 
top, whicli serves as a water-bath ; this is covered by a 
lid when not iu use. The level of water in the Jacket 
Fici. 49. may be nmintaiDed 

constant by a little 
contrivance showu in 
section at c : a small 
reservoir com m an icat- 
ing by a lateral tube 
with the 8|)aGe between 
the oven and its jacket 
b constantly replnn- 
isbed by water which 
drops into it from the 
supply tube (rf) ; the 
overflow of this reser- 
voir is a central tube, 
the end ofwiiich terminates just above tlie tevelofthe lat- 
eral tube. The outlet for steam (/) may be turned down- 
wards, so that any water formed by the condensation of 
tlie steam drojis into the resorvoir (r), or it may be made 
to commimiciite with the worm of the still, when the ea- 
ca{ied steam Mtll be condensed into distilled water. 

The steam oven should, if ))ossible, be supplied with 
distilled wiitcr, as the formation of a troublesome incrus- 
tatinn in the interior is thus prevented. A raised vessel 
of distilled water may be connected with the supply pipe 
(f/), anil the overflow is collected and occasioually re- 
tnrneil to this snp|»ly vessel. 

Or, Iretler still, the escape pipe (/) may be turned up- 
wanls and connected with a long vertical or oblique tube, 
which will condense the escaping .<leam and return it to 
the oven, thus nhvinttng the necessity of a constant sup- 
ply of water : in this i-jse the water in the oven should 
not be lM>iled too furiously. 
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RECOVERY OF SILVER AND PLATINUM 
FROM THEIR RESIDUES. 



Any waste scraps of platinum or silver wire or foil, 
as well as the precipitates obtained in the processes of 
analysis by the addition of solution of AgNOj or of 
PtCl4, should not be thrown down the sinks, but should 
be placed in two large jars sj)e(dally reserved for them, 
and lal>elled Hilver remliics and platinum residues re- 
spectively. The reagents may l)e obtained from these 
residues occasionally by the methods described below. 



Silver Residues. 

636. Some HCl is poured into the jar containing the 
silver residues and is thoroughly mixed up with the 
liquid: the precipitate is then allowed to subside, and 
after the decantation of the liquid is thoroughly washed 
by decantation (31) ; it may then be treated either by 
Method 1 or 2. 

1. The wet precipitate is rinsed into a flat, shallow 
dish and the layer of water is acidified with HjSO^: 
strips of Zn free from Pb are then laid u|)on the silver 
precipitate, and the whole is allowed to stand quietly for 
several hours The black, spongy miiss which remains 
is metallic silver; it is separated from any remaining 
Zn, and is then thoroughly washed until it is free from 
II^SO,. 

This metallic deposit is dissolved by heating it with 
pure strong HNO3, previously diluted with its own 
measure of water. The solution is evaporated to dry- 
ness, the solid residue is dissolved in water and once 
more evaporated to dryness to remove free acid com- 
pletely. The solid is then dissolved in the proper pro- 
portion of water to give reagent 48 (551). Any residue 
insoluble in HXO3 is returned to the silver residue 
bottle. 
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2. The well-washed precipitate obtained from the 
silver residue bottle may be filtered off and dried, then 
mixed with twice its weight of a mixture of K^COj and 
Na2C03 iu equal proportions. This mixture is trans- 
ferred to a clay crucible and fused in a furnace: after 
having been kept in the fused condition for four or five 
minutes, the crucible is removed and its bottom is tapped 
several times on a brick to cause the melted globules of 
Ag to unite. When the crucible is cool it is broken up ; 
the button of Ag at its bottom is removed, well washed 
and converted into AgNOj solution, as is described in 
the preceding paragraph. 



Platinum Residues. 

537. The liquid is shaken up with the precipitate 
and evaporated to dryness in a porcelain disn, anil the 
residue is heated strongly for some time: when the dish 
is cool, water is |)oured Uj)on the residue and boiled with 
it, then doitinted off: solution of oxalic acid is then 
poured into the dish and eva|)orated to dryness, and the 
residue is once more ignited strongly. The residue of 
metallic Pt is thoroughly wa.shal with l)oiling water, 
and is then dissolved by heating it with HCl, to which 
one-third its measure of HX()3 has l)een added; the 
solution is eva|)orated to dryness over a water-bath. 
HCl is then poured in, and the liquid is once more 
evaporated to dryness and heated for some time on the 
water-hath ; this residue when dissolved in water forms 
reagent 28 (551). 

Any waste scra|)s of platinum foil and wire should 
l)e carefully preserved, and, after having been cleansed 
by l)oiling them with HNO^ and then wa^^hing well 
with water, they may be dissolved in HCl and HNOj 
and solution of PtCl4, prejiareil as is descril)ed above. 
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CHEMICALS AND REAGENTS. 



In the following paragraphs general directions are given for 
the preparation of reagents and test substances required in the 
preceding analytical course. Tabulated lists of the names and 
formulae of these substances follow, a reference number being 
attached to each, and certain necessary details concerning its 

Preparation and the tests for its purity being also supplied, 
lists of the chemicals required for the experiments in Sections 
I. and IL and certain special reagents for detecting the rarer 
elements and oreanic substances are also tabulated. 

Samples of substances for analysis are given in 558-561, and 
information concerning atomic weights, thermometric scales 
and English and French weights and measures, is contained 
in paragraphs 562-564. 

The pure chemicals required in analysis are readily pur- 
chased, and it will be found more economical as a rule to ouy 
than to prepare them. 

The. preparation of the solutions, and the dilution of acids 
and other licjuids should, however, always be performed in the 
laboratory, since this lessens cost both of purchase and of car- 
riage. 



538. Many reagents and test substances must l)e dis- 
solved or diluted for use. As these processes of solution 
and dilution must be cK)nstantly carried out in a labora- 
tor}', it is important that the methods employed should 
he as simple and rapid in execution as possible, and that 
the labor should be minimized. 

It is also of great importance that the solutions should 
be of appropriate strength. It is usually advisable that 
the same liquid should be of different strengths when 
used for a reagent and as a test solution. In either case 
a strength can be selected which generally yields the 
most satisfactory results : if the solution is stronger than 
this, chemicals are wasted ; if it is weaker than this, the 
reaction is not satisfactorily obtained. Hence it is ad- 
visable to prepare these liquids for the student rather 
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than to leave them to be prepared doubtfully or waste- 
fully by him when required ; and in order to reduce the 
labor of preparing solutions to a minimum, it is well to 
make each in some quantity and to keep it in stock. 

The apparatus required for preparing solutions in- 
cludes — 

A common pair of scales, with earthenware slabs and beam 
below. 

A more delicate pair of ordinary scales. 

A set of brass weights from one kilogram to one ^am. 

A strong glass cylinder to deliver one litre, and with gradua- 
tions for every five or ten cubic centimetres (c.c). 

Several large, wide-mouthed gallon jars, some of stoneware or 
earthenware, others of common green glass. 

Several large funnels of glass or Wedgwood ware. 

A convenient store bottle for liquids is the well- 
cleansed Winchester-quart, in which acids and other 
liquids are constantly supplied to the laboratory. 

The process of preparing liquids is naturally divided 
into the dilution of liquids (589), the solution of solids 
(540) and the solution of gases (541). 



Dilution of Liquids. 

539. In the lists which follow, the proportions by 
measure in which liquids are to be mixed with distilled 
water are stated. Liquids may be mixed in these pro- 
portions by measuring them Ixifore they are mixed; but 
the process is often simplified by measuring the height 
from the Iwjttom of the cylindrical vessel in which the 
mixture is to be made to the level which the mixture is 
to reach : this height is then divided in th(» requisite 
proportion, and the division is marked by a file or a 
diamond, by a painted line, or by an india-rubl)er rinff. 
The li(|ui(ls are then filU»d in and thoroughly mixed. 
The mark once made will always serve for diluting the 
same licjuid aj^in in this vessel. 

Thus (lilut(* IICl, No. 2 (550), is made by mixing stnmg 
IICl with three times its nuusure of water. The height 
of a Wincliestrr-cjuart bottle to its shoulder wjis found to 
he eight inches; a mark was therefore made on the bottle 
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two inches from the bottom, strong acid was poured in 
until it reached this mark, the bottle was filled to the 
shoulder with distilled water, then stoppered and shaken, 
and was thus quickly filled with dilute acid of the re- 
quired strength. 

TJiis method serves for numbers 2, 3, 4, 6 ^nd 7 j(550) ; 
in the preparation of dilute H2SO4 special precautions 
are necessary, because the strong acid becomes intensely 
heated by dilution ; see remark 1 in paragraph 550. 

Solution of Solids. 

540. In the lists which follow there is always placed, 
in the fourth or fifth column against each solution of a 
solid, the proportion of solid to water to be used in 
preparing it. In some of the tables the fourth column 
gives the number of grams of the solid to be dissolved 
in the Winchester-quart of water. This number is 
derived from the proportion of solid to water by con- 
sidering that an average Winchester-quart bottle filled 
about an inch above its shoulder holds 2400 c.c. (cubic 
centimetres) or approximately 2400 grams of distilled 
water. In a similar manner the weight of water held 
by any other bottle or vessel may be obtained with 
suflBcient accuracy for this purpose by measuring its 
capacity in c.c, and counting this number as the weight 
of water in grams. 

Thus the strength given for the AmCl reagent solu- 
tion. No. 5 (550), is 1 : 8, as is shown in the fifth col- 
umn ; this means that a given weight of water must have 
dissolved in it one-eighth its weight of solid AmCl; and 
since a Winchester-quart bottle holds 2400 grams of 
water, one-eighth of 2400 or 300 grams of AmCl must 
be dissolved in this water to obtain a solution of the 
required strength. 

Pure solid chemicals are usually sold in the crystalline 
condition : hence it may be assumed that the crystalline 
sul>stance is to be used unless a, which signifies amor- 
phous, is placed against the name in the first column in 
the table. 

If a small quantity of a finely- powdered solid has to 
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be dissolved, or if the solid is extremely soluble in water, 
the solution is often most simply made by introducing 
the weighed solid at once into the water contained in a 
stoppered bottle or beaker, and shaking or stirring until 
solution is completed. This method is sucxicssful with 
No. 10 (550), with Nos..28, 34, 38, 48, 53, 61, 63, 70, 
77, 78, 81 (551, 552), and with many of the substances 
in 553, 554. 

For dissolving large quantities of solids two methods 
are described l)elow: the former (541) is useful when 
the solution must be rapidly prepared, but the latter 
(542) is decidedly preferable for many reasons, and 
should always be employed if possible. 

541. Method I. — Weigh out the required quantity 
of the solid substance, and heat it with distilled water 
in a large porcelain dish over a Bunsen burner with a 
rose- top, or over a Fletcher burner; this solution would 
often crystallize on cooling; hence it should be at once 

f)oured into some cold distilled water contained in a 
arge beaker, which has l)een marked to show the quan- 
tity of liquid required to fill the store bottle. While 
pouring oif the liquid press a wet glass rod, held verti- 
cally, against the lip of the dish, and let the bottom of 
the dish touch the top of the l)eaker. These precautions 
will prevent the liquid from running down outside the 
beaker. 

Dilute this with distilled water to the required vol- 
ume, mix well by stirring, and if the solution is turbid, 
let it stand covenxl from the air until it is clear; then 
pour it off into the store bottle, carefully leaving the 
sediment behind. If the liquid is wanteil in haste, it 
may be filtered into the bottle : the coarse, brown French 
filter paper is ust^ful for this purpose, sinci* it is strong 
and porous: the liquid should be filterwl before diluting 
it to the full extent, as the quantity to Ik» ])assed through 
the filter is thus lesseneil and time is oconomizeil. 

This methoil is of general application in the solution 
of solids. 

542. Method II. dejKMuls upon the facrt that the 
specific gravity of water becxjnies higher as the quantity 
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of solid dissolved in it is increased ; hence if the solid is 
immersed in the water near its surface, a circulation is 
produced by the constant sinking of the water which 
has been in contact with the solid and by dissolving 
some of it has increased in specific gravity, this being 
replaced by the comparatively lighter liquid from below. 
This circulation of water over the solid substance gradu- 
ally dissolves it without the use of heat, and the process 
requires no attention after it has once been started. 

1. The most simple method of applying this principle 
is to lay the weighed solid upon a piece of dry, well- 
washed muslin, then tie this up into a little bag and 
suspend it in the upper part of the water contained in a 
jar of common stcmeware or earthenware or of thick 
green glass. A gla.ss rod placjcd across the month of 
the jar serves to hang the bag upon. The process of 
solution by this methcKl is very rapid. 

2. Or a glass cylinder A (Fig. 50), which is open at 
both ends, such as a broken beaker, flask or bell-jar, 
may have one end covered with muslin, 
which is fastened on bv an india-rubber 
rinor and is shown bv the lower dotted 
line: this cylinder, with a muslin bot- 
tom, is supported in the jar by means of 
two pieces of glass rod or tube, bent as 
is ^hown at o v> c. Distilled water is 
poured into the jar until it buries the 
muslin to the depth of about half an 
inch ; the weighed substance is then 
placed in the cylinder and the whole is 
allowed to stand until the solid has been 
dissolved. With large quantities of sub- 
stance this will usually require several hours; with 
smaller (quantities, al)out twenty minutes or half an hour. 

3. A convenient substitute for the glass cylinder with 
muslin lx)ttom is an earthenware colander (Fig. 51). If 
the jar is too large, a stoppered bottle of suitable size 
may be placed in it to raise the water level sufficiently 
to reach the substance. 

30 



Fig. 50. 
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The processes of solutioo and filtration may be per- 
formed simultaneously by laying a piece of filter paper 
on the bottom of the colander, or upon the muslin before 

fastening it on the cylinder; even the 
Fig. 61. coarse grey paper will, however, consid- 

■'^T JBT- erably retard the process of solution. 

V^^^f Large quantities of substance are most 

readily dissolved by starting the process 
over night; the solution will then be 
completed by the morning. In this case 
the retardation caused by the filter paper 
will be immaterial; but the paper is 
usually unnecessary, since any fine par- 
ticles whicrh have passed into the water 
will have settled, and the liquid can 
therefore \ye easily decanted from the sediment. 

It must be l)orne in mind that the volume of the 
water is increased by the solution in it of many salts, 
and especially of such salts as contain water of crystalli- 
zaticm; hence the quantity of water plac»ed in the jar 
must be less than the volume of solution required, and 
the liquid is made up to the required volume afler the 
solution has been effected. 

545. Preparation of saturated soluiions. — ^A solution 
is said to l)c saturated when it (contains the lai]gest 
amount of the substance which the liquid can dissolve 
at the temperature of the solution. The quantity which 
can l)e dissolved usually varies widely with the tem- 
perature, and in the case of a solid commonly increases 
with rise of temixBrature. Saturation at ordinary at- 
mospherics tem|)erature is always implied below. 

The methods descrilxid in 542 are very convenient 
for the preparation of saturated solutions ; the solution 
is known to Ihj saturated when the solid supplied to 
the up|wr part of the liquid ceases to be any further 
di-isolved. 

In the ca<e of j\ finely-powdered substance, which 
remiiins long suspended in water, a saturated solution is 
also easily obtained by shaking up well with water. 
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allowing the powder to subside and decanting the clear 
solution. The following solutions will serve as illustra- 
tions : 

1. Calcium sulphate solution, No. 16 (560), is made 
by filling a Winchester-quart up to its shoulder with 
distilled water, then pouring in some plaster of Paris 
powder, stoppering the lx)ttle and shaking it well. The 
liquid will remain milky for a long time, and since the 
water is thus kept in contact with a large surface of the 
solid, it will become saturated with CaSO^ before the 
powder has settled. As soon as the liquid has become 
perfectly clear by settling, the solution is decanted into 
another bottle for use ; the sediment remaining in the 
first bottle is again shaken up with water and the bottle 
is set aside ; it will thus furnish a fresh supply of the 
clear solution when required. 

2. Lime-water, No. 57 (552), is prepared by introduc- 
ing freshly slaked lime into a Winchester-quart bottle 
filled to its shoulder with tap water, and proceeding pre- 
cisely as in the preparation of calcium sulphate solution 
described in the preceding paragraph. 

Solution of Gases. 

546. Many gases which are more or less soluble in 
water are most conveniently applied as reagents in the 
dissolved condition. Those which are most frequently 
used (^n be readily and cheaply purchased, such as am- 
monia solution, No. 6 (550), sulphur dioxide solution. 
No. 49 (551), and hydrofluosilicic acid. Of the remain- 
ing gaseous solutions mentioned below, sulphuretted hy- 
drogen solution should be kept in readiness, but the gas 
may be passed through the solution instead ; nitrogen 
tetroxide solution is replaceable by a freshly acidified 
solution of potassium or sodium nitrite, and as a substi- 
tute for chlorine water either bromine water or freshly 
acidified solution of bleaching powder may be em- 
ployed. 

It will be seen, therefore, that the preparation of gas- 
eous solutions is by no means indispensable. 

All the solutions mentioned below should be prepared 
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in the open air or under a good draught, since the gases 
have an unpleasant amell and are iujurious when iii- 
haled. 

£ach gas is made to pass from the generating appa- 
ratus down a delivery tube {06) to the 
Tia. 52. bottom of some cold distilled water con- 

tained in a bottle, which can be closed 
by a well-fitting stopper (Fig. 52). 
The water is kept cool, if necessary, by 
immersing the bottle in a pan of ool^ 
water. Bubbles of gas are thus made 
to pass in a rapid stream through the 
whole height of the liquid, and a por^ 
tion at least of each bubble will be 
dissolved. 

T/w aoluiion is saturated when the 
gas is not further dissolved: this may t>e Judged in some 
cases by observing whether the bubbles i-ease to diminish 
iu size during their ascent through the liquid : but a 
better test of saturation consists in withdrawing the 
delivery tnl)c, then at once closing the bottle with the 
stopper or the thumb and shaking it well : if a pressure 
is lelt from within, due to the lilieration of some of the 
dissolved giLs by the agitiition, the solution is saturated : 
but if suction from within is felt, due to the solution of 
the gas filling the upper part of the bottle, the liquid is 
not yet saturated with the gas. 

1. SSaiiirateil sofatiun i>f mdpkureUed hydrogen. No. 36 
Q)51), is made by |)a.ssing the gas from the apparatus 
(iL-scribeil in 534 through water, as is dcscril>eu above. 
The solution should Ix' prejuired in small ([uuiitity only, 
as the gas in solution is decomposed by tlic oxygen 
dissolved from tb« air witli <le]H>sitiou of sulphur. 

2. Haturated milpkuroiui ticid noliition, No. 49 (551), 
is prc|Mired, as is deMcril)«l alM»vG, by saturating water 
with sul|)hur dioxide made in an appanitus such as is 
shown ill Fig. f>Z by the process dcscnln-d in 23. This 
solution is kept in stock for phnniiuc<.>uti<al imrpinee, 
anil may tbGi-clbi'c l>e readily pure)iaHe<l. 

3. Vhiorine mtUr, No. 60 (552), is made by passing 
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chlorine from the apparatus shown in Fig. 53, and pre- 
pared as is directed in 21, into cold water until it is 
bright yellow in color, 

if not saturated. The Fig. 63. 

solution is rapidly 
altered by light into 
one of hydrochloric 
acid with escape of 
oxygen : it must there- 
fore be kept in a per- 
fectly dark cupboard 
or the bottle must be 
shielded from light by 
an opaque covering. 

For many purposes 
bromine water, No. 43 (551), may be substituted for 
this reagent, and is much more easily prepared and pre- 
served. Or a little bleaching powder may be shaKen 
up with water in a test-tube, and this when acidified will 
contain chlorine gas in solution. 

4. Nitrogen tdroxide aolviion, No. 71 (552). Lead 
nitrate in dry powder 

is heated in a test-tube ^'^- ^ 

fitted with a cork and 

delivery-tube (Fig. 

54), and the red 

fumes which escape 

are passed into dilute 

HgSO^. Care must be 

taken to maintain the 

heat uniformly after 

the fumes bc^in to 

be evolved, else the 

liquid may be sucked 

back into the hot tube by the contraction of the gas on 

cooling; and for the same reason the delivery tube must 

be removed from the liquid as soon as the heating is 

stopped. 

5. HydrofluosUiek add, No. 35 (651), is made by 

30* 
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,; silicon fluoride gas into water. The gas is pre- 
pared in a flask fitted as is shown in Fig. 58: into this 
flask an intimate mixture of 60 grammes 
Fio. 55. of" dry, pure, finely-powdered fluorspar 
with 50 grammes of fine white eanJ is 
poured; 300 grammes of strong H^SO^ 
—r are then introduced through the funnel 
tube, and the acid is mixed with the pow- 
der by shaking it round in the flask; the 
ga-s evolved on gently heating the flask 
with the flame from a rose-burner is made 
to pa.ss first through the bottle B (Fig. 
53), which must be empty and dry inside; 
thcucc it escapes through a bent tube, a b 
(Fig. 55), which is fitted upon the outlet 
tube of B by an india-rubber joint: the 
end of the tube (n 6) is made to dip into mercuiy con- 
tained in a small beaker, d (Fig. 55), which stan^ in a 
large beaker containing 400 f.c. of water. 

As soon as the silicon fluoride gas comes into contact 
with the water, af^er cs<-aping from the mercury, it is 
decom)>osod into hydrofluosilicic acid, which dissolves in 
the water, and silica, which remains suspended in the 
water as a gelatinous mass; tlie silica would very soon 
close the end of the; dcliveiy-tnbe (n 6) if it were not 
protected from contact with water by being immersed in 
menury. 

As the current of gas slackens the heat is raised, until 
white fumes of HjSO, b^in to appear in the preparation 
flask ; the process is then arrested and the gelatinoDs 
silita is separated from the solution by squeezing the 
liijuid ihniiigh fine muslin and then filtering it if it is 
not tjuito clcjir. The silica may be drie<i, heated strongly 
' I a poR'elaiu dish and put bv in a stoppered bottle as 
' 1 No. 86 (552), for which it serves admirably. 
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STORE JAES AND BOTTLES. 

647. As store jars for large quantities of solid chemi- 
cals, the broad-necked common green glass jars with flat 
stoppers, which are used for preserves and confectionery, 
may be employed. They are very cheap and strong, 
and present the advantage over stoneware jars that one 
sees at a glance the quantity of material they contain. 
The stoppers exclude dust and can be at once made air- 
tight by fastening a cork ring around their lower part : 
it is, however, only necessary in the case of very few 
chemicals to exclude air perfectly. These jars can be 
purchased in several convenient sizes. Solids are readily 
removed from them by means of wooden spoons. 

The little white glass honey-jars with glass caps serve 
well for keeping smaller quantities of solids, and can be 
similarly made air-tight by means of a cork strip. These 
jars serve for storing the solid powders which are re- 
quired for analysis in the laboratory (559-561), their 
necks being of the requisite breadth for inserting a watch 
glass. 

Weil-made German white glass bottles can be pur- 
chased for the reagents and test solutions ; these bottles 
have flat-headed stoppers, which protect the lip from 
dust, and each stopper has been ground into the bottle 
so as to insure its fitting ; stopper and bottle are then 
prevented from permanently parting company by having 
an identical number etched upon them. 

The liquid bench reagents (550) may be kept in 
narrow-necked bottles of 6 or 8 ounces capacity, and 
the solids in 4-ounee broad-necked bottles ; whilst the 
special reagents (551, 552) should be in 12 -ounce bottles. 
The test solutions (553, 554) require larger bottles of 
about 32 ounces capacity : they may be kept in stock in 
Winchester-quart bottles. 

The bench reagent solutions may be conveniently kept 
in stock in an accessible position in the laboratory in 
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large white glass jars with glass taps below : these taps 
are ground into a tubulure near the bottom of the bottle, 
and after they have been inserted perfectly dry are 
fastened by a thick coating of paraffin wax. The plug 
and seat of the stopper require to be occasionally tnor- 
oughly dried and greased. This arrangement of the 
stock enables each student to fill his own bench bottles 
when necessary. 

Accurately fitting stoppers should not be used in 
bottles containing solution of KHO or NaHO, as they 
are certain to be set fast : a loosely-fitting stopper or a 
glass marble placed on the neck obviates this difficulty. 



Labelling Bottles. 



648. Every bottle in use in the laboratory should be 
labelled as permanently as possible; b^inners are mud) 
assisted if the label l)ears not only the name but also the 
chemical formula of the substance contained in the bottle. 
It is also extremely convenient to legibly number each 
bottle in its series, this number serving as a short means 
of reference and also helping to keep the bottle in its 
place, so as to enable it to l)e easily found : this is made 
more certain still if the edges of the shelves ar% num- 
bered to correspond with the bottles which should stand 
on them. The gummed labels should be stored in a 
dry place. 

After the whole surface of the gummed label has been 
carefully made to ailhere to the bottle by pressure with 
a clean cloth, and it has been allowed to dry thoroughly, 
it should be brushed rapidly across with an ordinary 
broad, flat and stiff gum brush, which has just been taken 
out of a little dish of melted paraffin wax. A thin 
coating of the wax is thus laid on, which should entirely 
cover the label and project for a short distance beyond 
its edge upon the glass surface. A little practice will 
rond(T it [K)ssible to lay on an even layer of the wax 
which (loos not jwuetrate and grease the |)aper. If the 
|)araffin be heatc<l only slightly above its melting pointy 
it will set too rapidly to grease the paper. 
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Tliis paraffin varnish, if properly applied, perfectly 
resists the action of water, acids and alkalis, and, in fact, 
can only be removed or injured by mechanical means, 
by heat or by such solvents as ether and turpentine. 

Bottles containing the strong mineral acids commonly 
have ordinary labels etched upon their surface, but this 
is unnecessary, since the paraffined paper label stands 
perfectly well. Names and formulae painted on bottles 
with Brunswick black are also very permanent in the 
laboratory. 



LISTS OF REAGENTS AND CHEMICALS. 

649. In the following lists (650-554) will be found 
each reagent and test substance required in the analytical 
course. In the first column is a number which may be 
used for short reference, and which serves to keep the 
bottle in its place and to find it when required : in the 
second column stands the name and in the third the 
chemical formula of the substance; while the subsequent 
columns give the strength of the solution and details of 
its preparation, in cases to which the general metliods 
described in 539-545 do not strictly apply. 

An '*s" following the reference number in paragraphs 
553, 554 means that the substance is required in the 
solid state as well as in solution, and some of the solid 
in powder should be placed in a 4- ounce bottle and kept 
near the solution. 

The directions for preparing liquid reagents have been 
already given in 539-546 ; it is only necessary to add 
that in stating the proportions of solid or liquid to water 
re(|uired for the solutions the water always stands last, 
and that m signifies proportion by mieasure of liquids 
and w proportion by weight of solids to water. 
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550. — Reagentb required 



r" 



1. 



uuiuber. 



Liqniik. 

1 . 

2 . 
8 . 



4 . 

fj . 

6 . 

7 . 

8 . 
'J . 

I« . 

11 . 

12 . 

13 . 

14 . 



i:» 

16 

1 17 

lis 

1 

20 
21 



flolids 



2. 

Name. 

[The nnmberi in bncketa refer to ranariu corre- 
wpotMt^y nnmbeied in the sizth oolomn.] 



Sulphuric acid (}) . . 
Hydrochloric acid (>) 
Nitric acid (») . . . 



Acetic acid («) 

Ammonium chloride I*) 

Ammonia, or ammonium liydmto (*) 

Ammonium sulphide C) 

Ammonium carbonate (^) 

Ammonium oxalate 

Potaah, or |M>tiunium hjdiatH . . . 

I'otaaBinni chn)nuit« 

Putaiwiuui ferr<M*yanide 

I*otaiiuuni ferricyaiiide (*) * 
8<>dium phoHithate {^%f or 
Ilydric diaodic phoephatr, or 
Ifyiln>iccn dieodium phonphate 

8<Mlinm rarttonate 

Calcium milphate 

Barium chloride 



} 




R<Mlium rarbonato (><) 

Borax 0«) 

INitaasium chlorate . 
Teet papers 



H18O4. . 

Ha. . . 

HXQi . . 
(ha, or 

iHCiHA 
NHfO 

NH4HO 

(NH4),8 

(XH4),CX)| .... 
(XH4VV0«.2H^ . 

KHO 

K,Cr04 

KfFeCycSH^ . . 



Na,HP0«.12H^ .... 

Na,0(V10H/) (eryilali) 

Oaa04 • • 

BaCI,.2H,0 



NaHOOs 
5a,B4a, 
KaOj. 



* Thit iiHifTHTit nn(lor|o>M d«H^omp««ition by rxpomire to light and mnirt not be kept near a 

t IIydri>gi>n wxlium ammonium ph<«phate'(NaAraHP0)4 aolutioo eerrea better for predpitalios 
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FOR EACH Bench. 



Weif^htof M>lid in gnmB 
to be diaMlved in one 
"Winchester" of wa- 
ter. 



• • • OlA/ • • • • • 



. . .400 

. . . 100 

. . .300 

. . .200 

. . .200 

. . .200 

. . .200 



. . . 600 

Saturated Bolution (545,1) 
. . .200 



In snmll crystals. 

Bliio and red litmus and 
lurinoric papers In 
small strips. 



6. 

Proportion of 
solid by weight 
(w.) and liouid 
by measure (m.) 
to water. 



1:5m. 
1:3" 
1:3" 

2:1- 



1 
1 
1 
1 
1 
1 



8 w. 

3 m. 

1 " 

5 w. 
24 " 

8 " 
1 : 12 " 
1 : 12 " 
1 : 12 " 

1:12 " 

1:4" 

1:12 " 



6. 

Bemarks. 

[The small nnmbers refer to oorreqwnding nnm- 
bers in the second column.] 



1. Pure strong H^4 must be poured in the 
pn>per proportion into water contained in a 
large thin beaker or an earthen Jar, constantly 
stirring the water all the time ; the right pro- 
portions are obtained by measurement of the 
height of the vessel (539). The hot liquid Is 
cooled bv immersing the ressel in cold water, 
and is then poured into the store bottle. If 
the acid is pure, no white precipitate (PbS04) 
forms during dilution. 

2. Must be colorless, and give after dilution no 
precipitate with either BaCl, or H-S. 

3. Must give no precipitate after dilution, with 
BaClf or AgNOs added to separate portions. 

4. Must give no precipitate with BaClj. 

5. Must give no precipitate or coloration with 
Am^S. 

6. Must give only a very slight precipitate with 
lime-water, no coloration ¥rith Am4J9, and 
separate portions acidified with HNQ* must 
give no precipitates with BaQf and AgN()^ 
** Liquor ammoniie fortissima,** ^ dSOP specific 
gravity, is bought. 

7. Must be yellow, and give with adds R|S and 
a white precipitate of 8 ; It must give no pre* 
cipitate with solutions of Ca-or Mg salts. 

8. The solid AnuCOa is dissolved by the second 
method (M2\ in cold water, but in diluting, 
one-fourth of the ** Winchester** must be filled 
with strong AmHO. 

9. Must give no blue precipitate with Fe|CI« sola- 
tion. 

10. Must yield no precipitate with AmHO. 

11. Dry finely-powdered " bicarbonate of soda.** 
It must, after having been dissolved in exoes 
of HNOji, give no precipitate with BaGL or 
AgXOg, or AmHMo04 (277), and If evaporated 
¥rith excess of H(l must leave no residue in- 
soluble in dilute HCl (291). 

12. The borax is liost dried by heating in a plati- 
nuni or porcelain dish until after melting it 
has again become solid ; this solid mass to then 
finely powdered in a mortar and kept in a 
stoppered bottle. 



dow ; It is better to dissolve a ftagment of the solid each time it to required. 

of Mg than does Na|HP04 solution : it to prepared of the strength given above for Ka^HFO^. 
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651. — Reagents for General Use, 

Except in larse laboratories, it will be unnecessary to keep these 
contained in the laboratory may be made up to the right strength as 



1. 



Reference 
number. 



26. . 

27. . 

28. . 

29. . 

30. . 

31 . . 

32. . 

33. . 

34. . 
3r). . 

36. . 

37. . 

38 . . 

39. . 

40. . 

41. . 

42. . 

43. . 
44: . 

45. . 

46. . 

47. . 

48. . 

49. . 

50. . 
61 . . 

62. . 

63. . 



2. 

Name. 

[The small numbers in brackets refer to remarks cor- 
respondingly numbered in the fifth column.] 



I 



Sulphuric acid (") 

Hydrochloric acid (*)* 

Nitric acid («)* 

Platinum chloride f 

Alcohol, rectified spirit (") 

Tartaric acid 0') 

Acid sodium tartrate, hydrlc sodic tartrate {^) 



Slaked lime («) 

Acetic acid {*)* 

Cobalt nitrate (») 

Hydrofluosilicic acid (^) . . 
Sulphuretted hydrogen solution ) /^fv 
Hydrogen sulphide 






Oxalic acid 



Potassium sulphocyanide 
Potassium nitrate .... 



Lead acetate (^) 



Sodium acetate 



Potassium cyanide (") 
Bromine- water {^) X . 
Stannous chloride (^> . 

(V)pper (») 

Zinc (») 

Steel («) 

Silver nitrate 

Sulphurous acid . . . 
C'4ipiM>r Hulphato . . . 
Magnesium sulphate . 
Men'uric chloride . . 
Qold chloride 



3. 
Fonnula. 



HsS04 

HCn 

HNQi 

PtCl4 .... 

CjHtO 

H,TorH-r4n4<^ 
fNaHT.U^. . 
lNaHC4H40^HjO 

Ca(HO), .... 

HA or HCsH,0. 

Co(N0s)s.6H^) 

H^iF, 



}•• 



H^S solution 

f H50.2Ha0 
1 Hjr^4.2H,0 

KC.rS 

KNO, 

r PbA,.:)H,0 
lPb(GsHAV3H«0 
r NaA.allfO 
tNaCsH,a„3H^ 

KCyorKCN. . . 

Br-water 

SnCV-IM>. . . . 
Cu 



} ■ 



Zn 

Fe 

AgNO,. . . 
H^«H>s . . . 
CuS04.5H^ 
MrS04.7H,0 
HgCl, . . . 
AuCls . . . 



•See la.«»t column or the precedins: pa^c. 

t Must he use«l in very Hnuill quantity only, beinf^ an expensive reagent. 
X S(Hlium hvpochlorite (Na,Cl,0). the " Liquor Sod« Chlorinate" of coi 
may be used, but does not keep well. 



commerce, 
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FOR THE Detection of Metals. 

reagents in store in quantity. The 12 oz. bottles in which they are 
soon as they are empty by the proportions stated below in column 4. 



4. 

Proportion by weight of 

solid to Mrat«r : and 

Mreight in imuus for 

a 12 oz. bottle in 

square brackotti. 



6. 

Bemarka. 

[The nnmben in this column refer to those in brackets in 

the second column.] 



Strong pure. 



(< 



*( 



1 : 3() [15 grams]. 

Strong. 

1 : 10 [46 grams]. 



. Solid. 

. Strong. 

. 1 : 12 [40 grams]. 

. See 54G, 6. 

. See 646, 1. 

. 1 : 12 [40 grams]. 

. 1 : 100 [6 grains]. 

. Solid. 

. 1 : 12 [40 granui]. 

. Solid 

. SoUd. 

. 1 : 12 [40 grams]. 



. 1 : 100 [6 grams]. 

. See 646, 2. 

. 1 : 12 [40 grams]. 

. 1 : 12 [40 grams]. 

. 1 : 20 [.30 grams]. 

. 1 : 30 [16 grams]. 



17. Must be oulorleas and form no brown ring when poured below 
some FeS04 solution (247). 

18. Strong rectified methylated spirit which must leave no residue 
on evaporation, and remain clear on dilution. 

19. The solution should be mixed immediately after preparation 
with several drops of carbolic acid to prevent a vegetable 
growth forming in it : or, better still, some crystallized H|T 
should be dissolved when wanted. 

20. Dissolve 10 grams of H,f in 100 c.e.*of wntcr, divide this 
solution into eqtuU parts, exactly neutrHli/.e (:t4) one part by 
heating it nrArly to Ixiilingand stirring in tmlid NasCOs in pow* 
der ; add to this the other part, cool and dilute to' 160 c.c. A 
few drops of carbolic acid should be added to the solution. 

21. Pieces of fhsshly-bumt lime are placed on a plate, and water 
is poured upon them until they begin to appear moist on their 
surface ; the superfluous water is then drained off, and as soon 
as the lime has crumbled to powder, it is placed in a brcMEul- 
mouthed stoppered bottle. 

22. The bottle should be closed with a looecly-fltting india-rubber 
■topper, perforated, and with a glass tube passed through it and 
dipping into the solution ; when a drop of the solution is re- 
quired, the upper end of the glass tube is closed by the finger, 
and a drop is delivered from the opposite end by slightly relaxing 
the pressure of the finger. 

23. The solution must give no precipitate with Sr(NOs)t solu- 
tion. 

24. This solution must not darken on adding AmHO. 

26. A little HA must be added to this solution to nwke it clear. 

26 Solution of KCy is made (1 : 12} ; it decomposes so readily that 
the solution is best made immediately before use by heating a 
small piece of solid KCy with distilled water. 

27. A few drops of Br dissolved by well shaking with water. 

28. Crystals of SnCl« should be dissolved by heating them with 
water containing some HCl ; the solution should be kept in a 
well-stoppered bottle containing pieces of granulated or block- 
tin. 

29. In strips cut fh)m thin copper^heet. 

SO. In strips or rods, or granulated ; it must be proved to be free 

from As by 181, 182 or 183. 
31. Common knitting-needles broken 

kept in a bottle containing pieces 

rusting. 



into short lengths and 
of quicklime to prevent 



* C.C. is the coDtractioD for cubic centimetre. See weights and measures (564). 
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GENERAL REAGENTS FOR 



[^2. 



552. — Reagents fob General Use 

Refer to note under 



1. f 2. 

Name. 

Reference [The amtM numben in brackets refer to correqwnd- 
nuinber. ing numben in the fifth column.] 



57. . . . Lime-water 

58. . . . Lead acetate in potash {,^) 

69. . . . Potaasium dichromate 

0<). . . . Chlorine water 

61. . . . Terric chloride (»») 

6J. . . . Ferrous sulphate {**) 

63. . . . Potassium iodide 

64. . . . Starch (») 

65. . . . Indigo solution (*•) 

66. . . . Manganese dioxide {^) 

67. . . . Putassiuni dichromate (*^) 

68. . . . Ether (methylated) 

69. . . . Carbon disulphlde 

70. . . . Potassium nitrite (») 

71. . . . Nitrogen tetroxide solution 

7i. . . . Ammonium moljrbdate (^) 

73. . . . Calcium fluoride 

74. ... I Potassium disulphate 

I < Microcosmic salt, or . • I /in > 
I Hydric amnionic sodic phosphate ) 

76. . . . Wax, or paraffin 

77. . . . Calcium chloride 

78. . . . Potassium chloride 

79. . . . Marble 

80.* ... ; Distilled water («i) 

81. . . . Pure sodium hydrate (*>), pure soda 

82. ... j Fusion mixture (**) 

8.3. . . Barium carbonate (4*) 

84. . . . Solution of sodium acetate in dilute acetic acid (*) 

8.'). . . . Sodium nitrate (*•), solid, 

80. . . . Silica, or finely-powdered white sand. (See 646, 6.) 

87. . . . Hydrofluoric acid («) 

88. . . . Zinc sulphate. (See No. 111.) 

89. . . . Calcium carbonate, pure. (See 481.) 

90. . . . Ammonium chloride, pure, in imwder. (See 481 ) 

91. . . . Dari u III p^troxide, in fine powder 



TonnvU. 



Ca(HO), 

PbAf+KHO 

KsCr,0, 

01 solntkm 

FesCU 

FeSO^TH^ .... 
KI 

MnOk 

KjCrjOr 

(C,H,)|0 

N^Of solation ... 

(NH4)HMo04 

CaFj 

K.ii8U4 *** *** 

NaAmHPOviH^ . 

0aCls.6Ht0 (ciTirtala) 

KCl 

CaOOt 



U,0 

NaHO 

Na,GOB-t-K«OQ| 

BaOO, 

NaA+HA 

NaNQi 

SlOk 

HF 

OaGQ, 
NHfQ 
BaO| 



• Nos. 80-91 are certain fpeeial 
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FOR THE Detection of Acid Radicles. 

the heading of 551. 



4. 

Proportion by weight of 

solid to water : and 

weight in grama for a 

12 oz. buttle, in 

square brackets. 



. See 546. 

. 1 : 24 [20 grams]. 

. See t>40| w. 

. 1 : 24 [20 grams]. 

. Solid. 

. 1 ! 60 [8 grams]. 

. SoUd. 

. Solid. 
. Solid. 

. 1 : 24 [20 grams]. 
. See 546, 4. 

. In powder. 

. In small pieces. 

. In small crystals. 

. Solid in pieces. 
. 1 : 12 [40 grams]. 
1 : 12 [4() grams]. 
In piecesas large as a pea. 



[The nambers in this column refer to corresponding 
nnmbers in the second qolumn]. 



32. 



33. 



34. 



36. 



36. 
37. 

38. 
39. 



40. 



To some of the PbA, solution (No. 40) KHO solution is 
added until, on warming, the precipitate at first formed 
is Just redissolved : paper dipped into this liquid is a 
very delicate teet for l4s (230). 

The solution should not contain any free acid : to re- 
move acid AmIlO is added until the further addition 
of a tmgle drop gives a reddish brown precipitate of 
Fe^HcOe in the solution. 

FeS04 solution rapidly oxidizes in the air, hence the 
FeS04 should be kept in the solid state as small green 
crystals, which shoiUd not show a yellow coating in 
any part: these are diswlved, when required, by 
crushing and shaking with cold water. 

Starch solution rapidly changes ; it is best therefcnrie to 
keep the starch as a powder Starch solution is made 
by stirring 2 grams of this powder, which has been 
niade into a paste with 10 c.c. of cold water into 100 
c.c. of boiling water and cooling. 

Made by dissolving indigo^armine in water. 

Should be kept in fine powder ; it must not evolve CI or 
CO] when wanned with strong M1SO4. 

In small pieces, or in powder. 

The solution is prone to change, and should be made in 
small quantity only : it must evolve copious red fames 
when mixed with II1SO4. 

Make the solution with the following proportions : — 1 
gram of Am^MoOf is dissolved in 12*5 c.c. of strong 
AmllO which has been previously mixed with an equu 
quantity of water, the solution is allowed to stand (if 
necessary) till clear, then poured off into 60 c.c. of 
strong HNOs : the liquid will become hot, and dionld 
be allowed to stand until it is cool before being used. 



4na 
41. 



42 



The HNO3 solution of this salt must yield no precipitate with AgNO|. 

Must leave no residue on evaporation ; in separate portions no precipitates 
must be caused by BaClf, AgNOs, or AduCs04, neither must any pirecipi- 
tate or even dark coloration be produced by addition of Am^S. 

The proportion by weight should be 1 : 10 of water ; it is best kept in green 
glass bottles, as it slowly dissolves Pb from white flint glass. The solution 
must not become dark In color when mixed with H|^ nor give a gelat- 
inous precipitate (Al^IiO^) when mixed with excess of AmCl solution. 
43. Dry finely-powdered Na«COt and KsCOs are intimately mixed in the propor- 
tion of 53 : 69 by weight, and kept in a stoppered bottle. 

Pure powdered BaCOs is either purchased, or is made by precipitating BaCl^ 
solution completely with AjusCOs or NajCos solution, and washing the 
precipitate well by decantation. This powder is then mixed with distilled 
water to the consistency of thin cream. 

IMssolve 30 grams of NaA _in 60 cc. of distilled water, and add to the solu- 
tion 40 c.c. of strong H A. 

Made by neutralizing strong hot NasGQs solution with HNOiandev^Mxrat- 
ing in dryness. Sold also as Chili saltpetre. 

Purchased and kept in gutta-percha bottles. 



44. 



45. 
46. 



47. 



reagents entered apart 



TEST SOL0TION3 FOE THE 



653- Solutions fob the 

Each bottle should bear on ite label the number, name, and formula 
near the solutions, cuutaiaing thtt powdered solid of each of thi«e stib< 
also carry on their label tlie name, number and formula of the aah- 




Polusilaiii chlarlilii 



I itliuDlniuni jHitualiiiii <r 
TorriccblotiJi'V) . . 
J',>rru,HS«li.!.«W<<"), 

iChrtimbiOjwUiwIum h 






dwIlgiD HMMta . 



MgSOrlB^ . . 
SitN0^4B,0 . . 



ZliS0,.IB|O .... 

HnCIt 

NISU.TH^. . . . 



nJifSEfi . . . 
BliNO,)i.SlliO . 

CdaOr«H,0.. . 



8MT, 



* a Rif^iScH that thr »A\A uibctMiee !■ 
t Solid Sl>,0, or K(SbU)T (Tartar coMls) 
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Reactions of the Metau3. 

of the substance. Small 4 oz. wide-mouthed bottles should be kept 
stances whose number has a small s affixed to it ; these bottles should 
stance. 



Weight of solid in 

grams to be diaolved in 

one "Winchester." 



100 
200 
.50 
.50 
.25 

200 (in crystals) 
200 



6. 

Proportion by 

weight of 

solid to 

water. 



25 
25 



1 
1 
1 
1 
1 
1 
1 



26 
12 
50 
50 
100 
12 
12 

12 



25 


. . 1 : 100 . . 


26. .... 


. . 1 : 100 . . 


60 


. . 1 : 60 . . 


25 


. . 1 : 100 . . 


25 


. . 1 : 100 . . 


50 


. . 1 ! dU • a 


50 


. . 1 : 60 . . 


50 


. .1 : 60. . 


50 


. . 1 : 50 . . 


25 


. . 1 : 100 . . 


50 


. . 1 ; 50 . . 


25 


. . 1 : 100 . . 


10 


. .1 :250. . 


50 


. . 1 : 60. . 


25 


. . 1 : 100 . . 


25 


. . 1 : 100 . . 



1 :100 



1 :100 



0. 

Bemaikfl. 

[These numbers correspond to the small reference 
numbers in brackets in the second column.] 



48. The solution must be made add with a little 

HsS04, and some clean iron nails kept in it, or, 
better, a small quantity is freshly prepared 
when required, see No. 62 (552). 

49. A Uttle HA must be added to this solution to 

make it clear. 

50. 26 grams of Bi(NO|)s must be dissolved by heat- 

ing with 25 c.c. of strong HCl diluted with 26 of 
water ; this solution is cooled and poured into 
the bottle, and the measure made up by pouring 
in dilute HC9 containing one-twentieth of its 
volume of strong HCI. 

51. Dissolve 10 grams of ASfO, br heating it with 60 

c.c. of strong HCl mixed with 60 cc of water, 
and dilute to the Winchester-quart 

62. Boil excess of As^Ot for several minutes with 

2000 cc. of water, and filter into the quart 
bottle.t 

63. 28 grains of crystallized SbCIs are dissolved in 26 

c.c. of strong HCl mixed with 25 c.c. of water, 
and diluted to the quart t with Ha mixed with 
four times its measure of water. 

54. Boil 25 grams of SnClt with 50 cc. of strong HCl 

mixed with 50 c.c. of water, as soon as it has 
dissolved to a clear solution dilute to the quart.^ 
Scraps of Sn must be kept in tlie bottle. 

55. Heat 25 grams of SnCJlj with 25 c.c. of strong 

HCl and 100 c.c. of water; whilst constantly 
stirring, add KClos to the hot siilution until the 
liquid turns yolluw and CI is smelt, boil off the 
CI and dilute to the quart.^ 

56. Pisriolve by warming 25 grams of Hgs(NO|)s with 

6 c.c. of strong HNOs diluted with 114 c.c. of 
water, then pour water into this solution until 
it is diluted to a quarl{ Keep Eg in the bottom 
of the Ix^le. 



not in the crystalline condition, 
may be used for the blowpipe reaction. 

31» 



X Winchester-qaart. 
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554. Solutions for the 

Refer to the note at the head of the preceding table, which is also 
amongst the reagents (550-552) and the solutions for the reactions of 



1. 

Reference 
number. 



130. . 
131.8. . 

132.8. . 

133.8. . 

134. . 

135. . 
136.8. . 
137.8. . 
138.8.. 
139.8. . 
IIU. . 

111.8. . 

112. . 
143. . 
U1.8. . 
145 . . 

146.8. . 

1 17.8. . 
118 . . 
149.8. . 
150. . 

151 . . 

152 . 
ir)3.8. . 

154.8. . 

155.8. . 



2. 

Name. 

[The small number8 in brackets refer to the corrv- 
sponding numbers in the sixth column.] 



Sodium sulphate 

{Sodium carbonate (") .... 
Marble (calcium carbonate) ((>7) 

f Ferrous sulphide (W) 

1 Ammonium sulphide (^) . . . 

Acid sodium sulphite 

Sodium thiosulphate 

Sodium hypochlorite (*•)... 

Potassium nitrite (a) 

Potassium nitrate 

Potassium chlorate ...... 

Sodium chloride («») 

Sodium bromide 

Potassium iodide 

Sodium phoephate 

Sodium arsenate (>i) 

Borax («) 

Potassium bichromate .... 

f Sodium siUcate («) 

I Silica (white sand) 

Fluor-spar (calcium fluoride) . 

Hydrofluosilicic acid (•*)... 

Puta88)uni cyanide (*) .... 

Potassium ferrocyanide .... 

Potaflaium ferricyanide • . . . 

Potassium sulphocyanide . . . 

Ammonium oxalate (M) .... 
I Tartaric acid («) 

t Sodium tartrate («) 

Sodium acetate (^) 



3. 



FothiiiIa. 



Na,S04.10H,0 
NaHCO,. . . 
CaOO,. . . . 
FeS 



AnijS . . . . 
NaHSOi . . . 
NasS|0s.5H^ 
Na,ClaO . . . 
KNO, .... 
KNOt . . . . 

KaOs. . . . 
Naa .... 
NaBr . . . . 
KI 



Na-HP04.I2H,0 
NasHA0O4.12H,O 
NatBfOr.lOHsO . 

KjCrA . . . . . 
Na^iOt . . . . . 

SiO, 

OaF, . . . 

HjSlF, 

KQy 

K4FeQ7«.3H^ . . 
K«Fe,Qyi, . . . . 

KCyS 

Am^G|04.2H|0 . . 

H,t 

Ka,f .2fi^ . . . 
KaAJH^ . . . . 



♦ See No. 13 (660). 
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Reactions of the Acid Radicles. 

applicable to this. Many of the solutions in this list are already prepared 
metals (553). 



4. 

Weight of solid in grains 
to be disaolyud in one 
Winctieeter-quart. 



25 



100 
100 

100 
100 
.60 
.60 
.60 
.12 
.60 
.50 

.25 



. In fine powder 



5. 

Proportion by 

weight of 
solid to water. 



1: 100 



1 
1 



25 
25 



60 


. . 1 : 60. . . 


25 


. . 1 : 100 . . . 


25 


. . 1 : 100 . . . 


25 


. . 1 : 100 . . . 


100 


. .1: 25. . . 
. . 1 : 10 . . . 



1 
1 
1 
1 
1 
1 
1 
1 



25 
25 
50 
60 
60 
200 
60 
50 



1:100 



6. 

Remarks. 

[The numbers correspond to the omall reference 
numbers in brackets in the second column.] 



I 



57. The NaHCK>8 is required only in the solid 

form, and can be taken fh>m the reagent 
bottle on the working bencli, No. 18 (55U). 

The marble is kept in small pieces as 
large as a pea ; it is found in reagent bottle 
No. 79 (552). 

58. The FeS is kept as a solid in small pieces as 

lam as a pea. 

The AnijS can be taken from reagent 
bottle No. 7, on the working bench. 

59. Strong "Liquor Sode Chlorinata),'* dilated 

with an equal measure of water. 

60. No. lOi, paragraph 5.^3. 
61f No. 121, paragraph 553. 

62. No. 19, paragraph 550. 

63. The solution is made by dissolving 100 grants 

of the thick synip, sold as "soluble glass,'* 
in water, and diluting to the Winchester- 
quart. The solid substance to be used is 
sand finely ground. 

64. No. 35, paragraph 551. 

65. No. 42, paragraph 551. The solution de- 

composes by keeping, a little solid is dis- 
solTed when required. 

66. No. 9, paragraph 550. 

67. No. 30, paragraph 551. 

68. 123 grams of Ilsf are dissolved by heat In 500 

c.c. of water, the hot solution is exactly 
neutralized with solid Nr«(^03, and then di- 
luted to a Winchesterquart. 

69. A little of the solid substance (see No. 41, 

551) ia diflsoWed, when required, in water. 
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656. TEST SUBSTANCES AND EEAOENTS FOR THE RABEB ELUOBNTB 

AND ORGANIC SUBSTANCES (504). 

Only those substancM and reagenta are entered here which do not occur in tho 
A amall quantity of solution ia made when required. 



(4wy. 



Test Substancks. 



Thallium sulphate TlsS04 

Sodium tungstote NasW04 

Palladium chloride PdCI, 

Ammonium molybdate .... An4Mo04 

Iron selenide FeSe 

Potasrium selenate KsSe04 

Lead telluride PbTe 

Potasrium tellurate KsTe04 

Uranium nitrate UOj (N0,)« 

Indium sulphate Ins(S04)3.9Hs0 

Beryllium sulphate Bo,(S04)s . 

Titanium oxide TiOs 

Sodium ranadate NaVoj 

Lithium chloride LiCl 

Rubidium chloride RbCl 

Caesium chloride (MJI 



Sodium formate . . . . 

Sodium citrate 

Ammonium succinate . 
; Ammonium bonzoate . . 
I Tannic acid 

(iallicacid 

' Ammonium urate . . . 

i Salirylic a(*id 

' Moconic acid 

Cinchonino sulphate . . 

Quinine nulplmte . . . . 
I Mori>hin<« hydrofhl<»nite 
, Strychnine 

Narcotine 

Bnicine 

Starch powder 

Glucose 

Urea 

Albumen 



NallCC), 

Am,C4n4(>4 

AmCylljOj 

CuHioO, 

Ani('5H,N40, 
C7II4O7 



raHnNjO, 

('«n«N'(>7 

(r.HioOj)* 

(('6H,oO«)» 

0114X50 



Mercuric cyanide, solution ...... IlgCjra 

Potassium bicarbonate, solution .... KHCQg 

Potassium bisulphate, solid KH80« 

Tin, granulated 8a 

Hydrogen peroxide, dilute addsolotioii. "H^Of 
Barium peroxide, in fine powdor . . . BaO^ 
Calcium sulphate, in fine powdar . . . Oi80« 



Mercuric nitrate, neutral solution . . Hg(Nos)| 

G«latin, isinglass ^— > 

Quicklime, in powder .CM) 

Tannic arid, powder ^^tfin 

Potassium bicarbonate, solution . . . KHOO^ 

Iodic acid, siiluUon (1 : 15) HlOk 

Iodine, in small fragments ^—' 

Yeast, fh)m a toewar ^— - 
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556. Chemicals Required for Section II. 

In the following list those substances which are used for 
Section II. only are marked by letters of the alphabet. The 
bottles containing these substances should be arranged apart 
in alphabetical order. Against others a number is placed; 
this indicates that the substance is used for analytical purposes, 
and will therefore be found, together with any necessary de- 
scriptive remarks, in one of the preceding lists (550-554). 

All numbers below 22 refer to bottles standing on the shelves 
above the working bench. If a substance is required for more 
than one experiment, its entry is not repeated. 



Letter or 
number of 
reference. 



A. 

20. 
B. 
C. 
57. 
D. 

21. 

69. 

E. 



63. 

r. 

26. 

G. 

H. 

I. 

J. 

K. 

L. 

H. 

N. 

0. 
P. 

Q. 
B. 

S. 
T. 
U. 
V. 

3. 
48. 
W. 

6. 

9. 
17. 

7. 
39. 



Nun«. 



Mercuric oxide . . 

Potanium chlorate 
Manganese dioxide 
Woo<l charcoal . . 
Lime-water . . . . 
Sulphur 



{Litniufland turmeric ) 
PftP«" J 

PotasRiuni dichromate . 
Pliosphoms 



Potassium iodide . . 
Starch powder . . . 
Granulated zinc . . 
Uydrochloric acid . 
Calcium chloride . 

Marble 

flydruchloric ft<'id . 
liituius solution . 

<'o]>per 

Nitric acid .... 
Ammonium chloride 
Slaked lime . . . 
f Strong ammonia so- 

1 lution 

Oxalic acid . . . 
Sulphuric acid . . 
Sodium hydrato . . 
Manganette dioxide 
Oil of turpentine 
Dutch metal . . . 
"Turkey reil" . . 
Sodium chloride . . 



Nitric acid .... 
Silver nitrate . . 
Ammonium nitrate 
Aminoninm hydrate 
Aminoninm oxalate 
Barium chloride . . 
Ammonium milphide 
Potassium nitrate . 



} 



Formula. 



HgO 

KCIO, 
MnOs 

C 
Ca(H0)s 

S 



KsCrA 
P 



KI 

Zn 

Ha 
OaCI. 
CaOQ, 

HCl 

Cu 
HNO, 
NH4<1 

Ca(H())2 

NH4OH 

H,C,04.2H,0 

HsSOf 

NaHO 

MnO| 



NaCI 

HNO. 

AgNO, 

NH4NOS 

NH4HO 

(NH4),8 
KNO, 



Remarks. 



The orange-colored precipUuUd oxide 
is best. 



Commercial oxide in powder. 
In pieces as largo as a hazel-nut. 



Pieces of roll sulphur as large as a 
pea. 



Pieces as large as half a pea, kf^pt 
in a stoppered bottle, under wa- 
t«»r. 



Not necessarily pure. 

Strong, pure. 

Fused solid, in small pieces. 

In small pieces. 

Strong, commercial. 



Turnings, clippings or flliuga. 
Strong, commercial. 
Solid, commercial. 



Liquor ammoniae fortissima. 

Solid, in crystals 
Strong, commercial. 
Strong solution in water. 
In small pieces. 



Leaf from a small book. 
In strips. 

In pieces as large a hazel-nut broken 
from a lump of rock salt. 



Solid, in small pieces. 
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667. Chemicalp Required for Section III. 

All the substances, with those exceptions* only which 
are named in this list, are required either for analytical 
purposes and are tabulated in paragraphs 550-554, 
where they may be found by the number placed in the 
first column ; or they are already entered on the list of 
substances required for experiments on the gases (556), 
where they may be found by the reference letter in the 
first column. A letter s affixed to the number of refer- 
ence indicates that the substance is required in the solid 
condition; see note at heading of 553. 



Number or 

letter of 

refereuce. 



39. 

118.8. 

79. 

2. 
45. 

3. 
17. 

8. 

1. 
A. 

M. 

1(N)J. 

IX. 
B. 

19. 

G2.8. 
1(>2. 

110.8. 
118.H. 

C. 
21. 




FcmnnU. 



Potamiutii nitrate 

Cupper 8ulphate . . . 

Marble 

Hydrochloric acid . . 

C-opper 

Nitric acid 

Barium chloride . . . 

Aiiimonium carbonate 

Filter paper 

Sulphuric acid . . . . 

Mercuric oxid<) . . . . 

Ammonium chloride . 

I'otaa8ium chloride . . 

SiHlium carbonate . . 

Miinpinefie dioxide . . 

lk)rax 

Ferrous 8ulpliate . . . 

SiHlium chloride . . . 

\V(nh1 charcoal . . . . 

JmvuI acetate 

C<)p)>er sulphate . . . 

Ammonium hydrate . 

f LitmuK iMi|M>r 

( Turmeric paper . . . 

Zinc oxide 



KN(V 

cHiso^eH^. 

CaOOk. 

Ha. 

Cu. 

HNOg. 

BaCIt.2H«0. 

Am,COs. 

In sheet, or eat 

HsSOf. 

HgO. 

NH4GL 

KCl. 

Na,C(V 

HnO,. 

Na.]^. 

FeS(>4.7n^. 

NaCL 

C._ 

PbA,.3H|0. 

CuSO4.6H<0. 

NH4HO. 



ZnO. 



* Tho exceptions are filter paper (531), wood charcoal (533) and fine 
oxide. 
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SUBSTANCES TO BE GIVEN FOR ANALYSIS 
BY THE PRECEDING TABLES. 

It must be understood that the substances mentioned below 
are merely brought forward as examples of what may be given 
to the student for analysis ; the teacher will use his own judg- 
ment in adoi)ting and extending the list. 



Substances for Analysis whilst trying through 
THE Reactions for Metals and Acid Radicles. 

558. After working through the reactions for a group 
of metals or acid radicles, a few unknown substances con- 
tiiining only one member of the group are tested, and the 
number of members present is gradually increased in 
th(xse subsetjuently given. It is well to keep these sub- 
stana^ in the dissolved state (553, 554), since they are 
intended mainly to afford practice in separation and de- 
tecti(m according to the group tables, and the time spent 
by the student in preparing the solution would therefore 
l)c wasted. Occasionally, however, a solid substance 
may be given in which the metal or acid radicle present 
is to l)e detectal by blowpipe tests or by other tests made 
on the solid substance. The following will serve as ex- 
amples : — 



Gronp V. 




Group IV. 




Group Ill.h. 


Solution of Nan 


Solution of fi&C\i.2UtO 


Solution of ZnS04.7U<0 


'• NH4a 


u 


•• 8r(NO,V4II,0 




•• Mnn, 


.. KCI 


l< 


*• Ca(.1,.fiH,0 




•• NISO^.THjO 


" Na(;i + KCl 


tl 


" Sr(N0,)s.4H-() 




♦• (^)(NO,)j.HH,0 


•• Nan4-NH4C1 + 




+ (aa-.fiH,0 
*• Ban,.2H,0- 
Sr(N0,),.4H,0 




•• MoCl, + Zn804.7H,0 


KCl 


II 




•• Co(N(M,.GH,0 + 
NiS04.7H,0 + 


•• NaCH-NIIiCl 






•• " MjrS()4.7n,() + 
NaCl i^KCl 




+ ('an,.fiH^ 




ZnS04.7H/) . 


II 


•• BaCl,.'2H,0 f 
Sr(NO,V4IirsO 




Ac., Ac, Ac. 


Soliih : Nan, Nn4n, KCl, 






&>lidM: 


MnCl,, NiS04.7n,0. 


A ma f NaCl, Ac. 






Co(N03^,.f.n^. 








ZnSO 


4.7H^, Ac. 



3G0 
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SUI^TANCES FOR ANALYSIS BY THR DIRECTIONS CON- 
TAINED IN SECmON V. 

559. Any one of the solutions named in paragraphs 
553, 554 may be given for analysis l)y St^ction V., some 
of tiiem being neutral, some acid and others alkaline in 
reaction. The following more difficult solutions with 
acid or alkaline reaction may also be added to the list : — 



Acid. 


AlkalUu. 

t 


Ca^P04^,, ••Bone-ash" diaeolved in 

dilute HCI. 
Bh(*«04 difjsolved in dilute HCl. 
Mg(liUj),* •• •• HCl. 
BaCr04 •• '• HCL 


1 
K8b03 diwolvod in water. 
Ni^SiOfc solution of ••soluUe gten." 
NaiJSnC^ •• preparing salt " of Uie dyer. 

i 

1 



Any of the solid salts which were dissolved in order to 
prepare the solutions in paragraphs 553, 554 may be 
given for analysis as solid substances by 331 et aeq. 

As examples of substances possessing metallic appear- 
ance (366), the following may be mentioned as suitable 
for analysis : — 



Zn, in pieces or filings. 
Pb •• •• 

FeSf, Iron Pyrites. 



NiAs, Kupfemickel. 
Graphite, or Black Lead. 
Iron filings. 



As insoluble sul>stances which require to be exam- 
ined by 367 e( 8e(j., the following may I)e given for anal- 
ysis : — 



RaSOf. 

PbS04. 

AgCTl. 

SnOj, Tinstone. 



TaFj, Fluor spar. 
FeCr3()4, (lironie Iron Ore. 
S, as pieces of roll sulnhur. 
i\ aa powdered wooa charcoal or ploB- 
bsigo. 



* Mode by mixing hot solutions of NusUtOr ami Mg(NOs)t. 
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Solid Substances to be analyzed by the Prelim- 
inary Examination in Section VI. 

560. For the preliminary examination for metals 

(385j :— 



Simple. 



Complex. 



NU4CI 
HgCl, 

KNOs 



Pb(N03), 

XaCl 

BaCl2.2ll20 

Sr(N03),.4no(» 

ruS04.GH8(3 

(See note.) 



ZiiS04.7HaO ,1 Ama+NaCl A1K(S04V12II0 

MnCl, ! HgCl, -r IJaC^L/iH^O SnOj • 8r(NOs)s.4H20 
Cory08),.f)H^0 MnClj . KCn CaCOg rZnS04.7H,0 



NiS04.7naO 
SnO, 



yiS04.TH,0 r 
ZnSU4.7H^ 



OrjjOarMnUlf-r 
NaCl 



A^ote. — Best finely powdered, since its color is then almost 
destroyed. 

For the preliminary examination for acid radicles 

(410):— 



CaCOa 
N'!Uk^(),.7HjO 

NuCl 



Simple. 



FeS 
KNO3 
KC1(»3 
KI 



Nu^Ss03.5Hs0 
KBr 

NaA 



CompUx. 



CaCO,+KNO, 
CaCloO+OiF, 
Na,CO,+KI 



A few of the above-mentioned solids may then be ex- 
amined by both preliminary examinations for both 
metals and acid radicles. 



Substances to be analyzed by the General 

Course in Section VI. 

561. The followincr lists are so arrangeil that the 
analvsis of the snl>stances contained in them is moredif- 
ficiilt in each column pr<x?eeding from left to right, and 
usually also in pr(K»A.'eding in one and the same column 
from top to bottom. For examples of alkaline solu- 
tions, see 559. 
32 
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561. Substances for Analysis by the General 

Course. 



1. 

Simple 8<>InI>lo 
Hulistances. 



Ck>mplex soluble Bulwtances. 



BaCl2.2Il20 I Carijj.r.IloO f Barig/illaO -JSr^XOa)-. 411,0 

3Im'ls ' A 1 K(S04)2. lliH-jO rC^K(S<>4)2. riUjU 

HgCla ' Mn( I2 ZnS04.7H20 rCuSOvGHjO 

iMgS(>4.TH2() I rinNOs), I-Hk^'Is- NftCl 



KCl 

NiS(>4.7n2(> 

*CaC.%»3 

Pb(X()3)2 

*Ab,03 

FejCle 
Nn4Cl 
XaCl 
Ac, Sec. 



♦ASrtOa -CaCOa rKaCO, 
*Zn(> i Mf?('0..j+K(:i03 
♦MgCOa rBa(.:03 f PbCOj 
Sec, &c. 



3. i 

Ck)mplex soIuUa ^ 
■ubstancea. 



] MuCl, 

1 ZnS04.7H]0 

I KCl 

\ c3c(S04),.i2n^ 

i Co(NO,),.6HiO I 



f 



KNO; 
I Bi(NU,)t.5II|0 
Ac., Ac. 



4. 

Substanct'H yii'I<li!jpa 
I ph(»spliato pr«'(initat«' 
in (iruiiii III. 



( CaCUr.lU) 

( Na2iir(>4.i'.in20 



I 



f 



na«U'2n„o 



. ' (•.i("l...f.ll.,n 



I -i Mm I., 



i ( rKi>o,\..ljn.,o 



6. 

Sub-tanc<'B iMirtly or 
t'HtiiHlv insoluble. 



naS()4 

Si< ».. • S 

lJaS'04 -CaFo ■ Sn().j 

f lU('l...'2II..n. 
- AlK(Sn^ :.liH..() 
I A;; NO., 

( Sii ). 
lM.<'ii»4, ifjnitiil 



^^^i•lUic unlmtuncet (467 ft ff].) 
Iron jtyriteK (FeS,) 
Iron tilinpi (F<>) 
Zint- t'lippinpt (Zn) 
Brans niinjr8(('u : Zn) 
<Jt>nnan Nilwr H"\i *-Zn -i-Ni) 
Bron/e [Vn Sn) 
TviH-n»etal (Sb-Sn+Pb) 



Kin-clay (Al-»>,.2Si(^> 
BniMni-Iuv nht. — le) 

Flint-:;la»MllMi, K, 8i(>.) 



(.'j.iiM'^H rt>nip"Mn*h (4^2V^ 
! .\ny I if tin* r»r»'U«ilni: whirta 
I )i.ii Itt-n niix«H| with KCy, 
K<'xs. K4rHVrt.:UI..,0, 
KrtKt ■-«>,._.. Kc<'<U'y]s 



• T<» bi' ;;i\<Mi in tlu' ->i»li'l atuti*. 
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582. LIST OF CHEMICAL ELEMENTS, WITH THEIR 
SYMBOLS AND ATOMIC WEIGHTS. 

The words in brnckets are the Ljitin names of the elements 
from which the symbols have been derived. 



Name. 



Synibul. 



Atomic 
Weight. 



Aluminium .... 


Al 


27-1 


Aittiiiiuuy (stibium) 


Sb 


121 • -2 


Ai^eiiicum 


As 


Tftl 


I!iiri\im 


»a 


137 


liervllium 


Be 


91 


lii^ntuth 


Bi 


2("8 


Buiun 


B 


11 


Drumiue 


Br 


80 


Ciuliiiium 


Cd 


1121 


Caesium 


Cfl 


ia2-9 


Culcium 


Ca 


4u-i 


Cjirlx)n 


V. 


12 


Cerium 


Ce 


140-7 


Clihirine 


(1 


.-if) a 


Chnuiiium 


Cr 


52-1 


Cobalt 


Co 


69 


Coj)|M>r (cuprum) . . 


Cu 


6.3.3 


Diilvniiuiu 


1* 


142-5 


Krbiuui 


E 


H)«i-3 


Fluorine 


F 


19 


<;«»hl (uunnu) . . . 


Au 


19f)-6 


IIy«lrt>geu 


H 


1 


Inilium 


In 


113-7 


lodint* 


I 


i--'r)-8 


Iridium 


Ir 


193-1 


Irt>n (forrum) . . . 


Fo 


6f) 


TiUnthanum .... 


I>a 


i:ih-3 


Lfjul ()iluntbum) . . 


Pb 


207 


Lithium 


L 


1 


.MaKhCMiuni .... 


Mr 


24 


MutitraiM'so ... 


Mu 


55 


Miii-ury (liydnir- ) 
gyruni) .■.../ 


Ilg 


200-2 



Name. 



Molybdenum . . . 

Nickel 

Nioliium 

Nitrogen 

Osmium 

Oxygen 

I'ailailium . . . . 
PhoHjiliorus . . . . 

PiHtiiium 

Putu>8ium (kalium) 
Bhoilium . . . . . 

Rubidium 

Huthcnium . . . . 

Selenium 

Siliaui 

Sliver (argentum) . 
So<Iiuni (natrium) . 
Strontium . . . . 

Sulphur 

Tantalum 

Tellurium , . . . 

Thullium 

Thorinum . . . . 
Tin (Htannum) . . . 
Titanium .... 
Tungsten (wolfra 
mium) .... 
Uranium .... 
Vanadium . . . 
Yttrium .... 

Zinc 

Zirconium . . . 



} 



Symbol. 


Attmiic 
Weight. 


Mo 


95-7 


Ni 


681 


Nb 


94 


N 


14 


Os 


199 





16 


Pd 


106 


P 


31 


Pt 


194-9 


K 


39-1 


Ro 


1 4-3 


Rb 


85-5 


Ru 


104-6 


Se 


79 


Si 


28-3 


Ag 


107-9 


>a 


23 


Sr 


87-6 


S 


32-1 


Ta 


182-6 


Te 


128-2 


Tl 


2fi4-2 


Th 


232-5 


Sn 


118 


Ti 


48 


W 


184 


IT 


239 


y 


51-4 


Y 


891 


Zn 


65 


Zr 


89-6 



563. THERMOMETRIC SCALES. 

There are two dKTorent thermomctric scales in use in this 
country, tlie Centigrade and Fahrenheit; the former of these is 
nipidly becoming universal for scientific purposes. The two 
s{-aks are mutually convertible by the following formula?, in 
which F.° re})rcsents a temperature on the Fahrenheit scale, 
C.° a temperature on the Centigrade scale : — 



(F.° — 32) = 



R 

I c.° 



+ 32 



= C.°) 
= F.°| 



The temperatures occasionally referred to in this treatise are 
given on the Centigrade scale. 
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WEIGHTS AND MEASURES. 

564. The corresponding values of the French and English 
weights and measures are nere given ; the use of the Frencn or 
decimal system is strongly recommended by its extreme sim- 
plicity, since the smaller denominations are obtained by taking 
a tenth) hundredth, thousandth, &c., of the unit chosen, and are 
designated by the Latin prefixes deci-, centi-, milli-, &c., whilst 
the higher denominations are 10 times, 100 times, 1000. &c., 
times the unit, and are named by the Greek prefixes aeca-, 
hecto-, kilo-, &c. ; examples of this will be 'found in the tables 
given below. 

The starting-point of the French system is the " metre " 
(=39-37 inches) ; this is the " unit of length." The "unit of 
measure " is the " litre," which is one cubic decimetre : the 
'* unit of weight " is the gramme, which is the weight of 1 cubic 
centimetre of distilled water at 4® 0. 

The chief conveniences arising from the use of this system 
are : — 

1st. That all the difTerent denominations can be written as 
one, since they are either multiples by ten or are decimal frac- 
tions of the unit. Thus 5 decagrams, 3 grams, 4 decigrams, 8 
milligrams would be written 63*408 grams. 

2nd. That since 1 cubic centimetre of water at 4° C. weighs 
1 gram, we may obtain the weight of water to be used from the 
measure by simply converting the measure into cubic centime- 
tres ; the number thus obtained will represent at once the cor- 
responding weight of water in grams. Of course this conver- 
sion is strictly accurate only when the water is measured at 4® 
C, but for ordinary purposes the error introduced when the 
water is at the temperature of the air is too small to be of any 
importance in the preparation of solutions. 

The wiMghts and measures most fre(piently used for chemical 
purposes are the gram, the millimetre (m.m.),the litre, and the 
cubic centimetre (c.c), which is yoVjy of a litre. 



lb. 

1 


ENGMSl 

Al»<:»TIIF.('ARIKS' V 

1^8-- 

1 = 

gnllon 
1 

1 frnlloD 

1 fluid ounce 

1 palt. 

1 fluid 


I WEIGHT 

rKKJlIT. 

uplea. pniins. 

2«K ... uim 

24 -= 4HI) 

3 = m 

1 = '^O 


S AND MEASURFR 

Avoirdupois Wkioht. 

lb. oz. dmu. grmlML 
1 B in » 2.^. 1. 7(MIU 
1 -« 16 - 437-5 

1 - sT-sa 




TmI'KRIAL 
1 = 

,'„ I'int 
n -. 277 
uunco Si 1' 


MrifirRit. 

fluid oz. fluid dmu. 

lt*.n •^. 12S<» 

2t> =i \w 

7«,M> 1 grains of water at W*!® CL 
4;i7 5 *• " ** 
2»io cubic inches. 
733 •• 
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FRENCH WEIGHTS iND MEASURES. 
MEASURES OF LENGTH. 





metre. 


inches. 


Millimetre = 


0001 = 


•03937 


Ceuti metre = 


01 = 


•39371 


Decimetre = 


01 = 


3-93708 


Metro = 


1-0 = 


39-37079 


Decametre = 


10-0 = 


393-70790 


Hectometre = 


100-0 = 


3937-07900 


Kilometre = 


KKKVO = 


39370 -7JK)00 


Myriometre= 


100000 = 


393707 -90000 



ENGLISH. 




mile, furlong. 


yards. 


feet, inches. 


• • 


• 


•03937 


• • • • 


• • 


. . -39371 


• • 
• • • • 


• 
• • 


. 3-9371 
3 3-371 


. 


10 


2 9-7 


• • • ■ 


109 


1 1 


4 


213 


4 10-2 


6 1 


156 


6 



1 inch = -0*254 metre. 
1 foot = •304« •• 



MEASURES OF CAPACITY. 
1 litre •-> 1 cubic decimetre. 







litre. 




cubic inches. 


pints. 


fMillilltre, or 

\ Cubic centimetre(c.c.) 


j^^ 


•001 




— -00103 


— 0-00176 


Centilitre 


>— 


•01 




— -01027 


— 0-01761 


Decilitre 


1— 


•1 




— 6-l(f27 


— 017608 


Litre 


BC 


1-0 




— 61-027 


— 1-76077 


Decalitre 


« 


100 




— filO-27 


= 17-60773 


Hectolitre 


Ba 


100-0 




— 6102-7 


— 17607734 


Kilolitre 


a_ 


10000 




— 61027 


— 1760 77341 


MyrioUtre 


— 


10000-0 




— 610-270-0 


—17607-73414 




1 cubic inch — 


•01639 litre. 






1 cu!»ic foot — 


28-3ir>31 Utres. 






1 guilou — 


4-54336 " 





MEASURES OF WEIGHT. 
1 gram =- the weight of 1 cubic centimetre (c.c.) of water at 4^ 0. 



Milligram 

Contigram 

Decigram 

Gram 

Decagram 

Hectogram 

Kilogram 

Myriogram 



grams. 

•001 




^^, 


grains. 

0-(aM3 


Avoirdupoia. 


-01 




_ 


01 -.43-2 




•1 




■M 


l-r>4:{2:i 




l-(» 




.. 


ir)-432:J5 


lbs. 07. drms. 


10-0 




>a 


l')4-3'2:i49 


— 6-65 


- 100-0 




.= 


1543-2;i488 


— 3 8-6 


- 10(¥)-0 




..a 


1M32 34880 


— 2 3 6 


« 10000 




*-i 


15432:1-48800 


— 22 1 2 


1 grain 

1 oz. (Troy) 

1 lb. (.^Yoirdupois) 


= 0-0649 gram. 
— 31-1035 grams. 
«= 453-693 
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INDEX. 



PAOl 

ABBREVIATED formulae and words 76 

Acetates, reactions of 176 

Acetic acid '« *♦ 176 

Acid, test for an 54 

Acid radicles, detection of, in simple substances .... 188, 196 

*' ♦♦ detection of, in complex substances . . 231, 268 

" •* reactions of 135 

Acids, removal from clothes 85 

Albumen, reactions of 812 

Alcohol, '• *• 810 

Alkaline reaction 54 

Alloys 270 

Aluminium, reactions of 93 

Ammonia gas, preparation of 82 

" '• properties of 88 

'♦ •* tests for ! . . . 84 

Ammonium, reactions of 81 

Analysis of a simple liquid 186 

*♦ '* a simple solid 180 

** '* a complex liquid 223 

«« «* a complex solid 224 

** •♦ an alkaline liquid 190, 236 

'» *' cyanogen compounds 282 

*• insoluble substances 205, 275 

*• metallic substances 204, 270 

silicates 203, 280 

substances for 369 

Analytical classification 71, 178 

groups 71 

reactions, introductory 72 

•* reactions for the metals 79, 293 

" '♦ for the acid radicles 135, 306 

♦• •' for alkaloids 308 

•* ** for other organic substances 810 

Antimony, reactions of 124 

867 



n 
(I 
t( (t 

<4 

lyt 

(< 

4t 
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PAGE 

Apparatus, cleaning of 10 

'* list of students' 818 

" list of general 819 

Apparatus, list for Section II. 319 

Arsenates, reactions of 168 

Arsenic, reactions of 116 

Arsenic group, separation and detection of 129 

table of differences 128 

*' tabic of analysis 130, 131, 193, 243 

Atomic weights, list of 363 

BARIUM, reactions of 89 

Barium group, separation and detection or 1)1 

•* ♦♦ table of differences 91 

*' •• table for analysis 195, 248 

Bench apparatus 318 

Bending glass tube and rod 4 

Benzoates, react ion^* of 307 

Beryllium, detection in analysis 302, 804 

♦* rcacti»)ns of • 298 

Bicarboiiates, reactions of i^S 

Bismuth, reactions of 0^^ 

Blowpipe table 317 

Blowpipe, u»<e of 4, 57 

Borates, retu'tions of 161 

Bonix Itead 57 

Boric (icid, reactions of 161 

B»>rinp corks 7 

B«.ttle«^ 343 

Broiiiiiles, reactions of 150 

Bnu'iiie, reaetions of 810 

Bunseu burner 1 

pAh.Mir.M. reactions of 113 

V.' Ca-^iuiii. detrt-iiou in analvMS 808 

ft 

('u"*iiiin, rractit»n«* of 300 

('alciiini. rea('liiin> of 90 

>ul|ihale. ]irepai atiiM) «if 339 

Cai'lxin <lu»\idr. iirrjiaralinn of 27 

prMjiritii'S of 28-30 

Ic^l? fur 30 
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PAGE 

Carbon monoxide, preparation of 36 

" •* propel tics of 37 

" '• tests for 37 

Carbonates, reactions of 137 

Carbonic acid, reactions oi 138 

Centigrade scale 363 

Charcoal, wood 320 

Charcoal, combustion in oxygen 19 

" ignition on 59 

Chemicals, list for Section II 357 

" •* for Section III 358 

♦• ** for analytical reactions 352, 354, 356 

Chlorates, reactions of 146 

Chloric acid, reactions of 147 

Chloride group, separation and detection of 154 

Chlorides, reactions of 148 

Chlorine, preparation and properties of 37 

" water, preparation of 340 

Chromates, reactions of 162 

Chromic acid, reactions of 163 

Chromium, reactions of % 

Cinchonine, reactions of 308 

Citrates, reactions of 306 

Classification of metals in groups 71 

table of 178 

Cleaning apparatus 10 

" platinum 11 

Cobalt, reactions of 103 

Color of substances 180, 225 

Combustions in oxygen 19, 20 

Contractions, list of 75 

Copper group, separation and detection 115 

♦' •* t;iblc of differences 114 

•' " table for analysis 193, 242 

Copper, reactions of Ill 

Corks, 319 

" boring of 7 

Cutting glass tube or rod 3 

Cyanides, reactions of 169 

Cyanogen compounds, analysis of 282 



ft 
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PAGE 

DECANTATION, process of 80 

Detection of gold and platinum 273 

Differences, table of ; Group 1 183 

" ♦* Group II. A 114 

<« " Group II.B 128 

** ** Group III.A 97 

" " Group III.B 104 

" " Group IV. . . . 91 

" •* Group V • 86 

Distillation of water 89, 826 

" " nitric acid 40 

Distilled water, tests for ... 40, 351 

Drawing out gla.ss tube 6 

Drying precipitates 51 

*' gases 26 



ELKMKNTS, list of chemical 868 

Kntry in note-book, rules for 72-75 

r.ntry of results, exatnples of To, 85, 209, 286 

Kqu:ition, clieuiicil 73 

Ktliyl ulcoliol, reactions of 810 

Evaporation, j)rotess of • 44 

" before Group III. . • 221 

F AH HENin:iT scale 368 

rerricvani*lo«<, reactions of 172 

Ferrocyanides, rraeiions of 171 

Filtration, i)roc<'s>< of 47 

Flame colorations 61 

Fleitman's test 121 

Fluorido*<, reactions <if 16') 

FluosiH<rat('s, reactions of 107 

Formates, reactions of 306 

I'unncls 11, 318 

Fusinii. process of 66 

/I ALLATFS. reactions of 307 

Vl (la^cs, ><olutiiin of 339 

(iciHJ'al ^roMp tabic for iin'taN IIK), 2-i6 

" " .Ictcitioii of rarer metals 302 

(Jlass tube bendiiiL: 4 

cMitiui: 3 

" drawing out • 6 
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PAGE 

Glucose, reactions of 311 

Gold, reactions of 127 

<* detection of 241, 274 

" separation from platinum 274 

Gram 3C4, 365 

Gnipe sugar, reactions of 311 

Groups, analytical 71, 178 

Group III., precipitation and analysis of . . . . 109-203, 2(5 1-269 

♦* table for rarer elements 304 

HEATING glass and porcelain 12 

Hydriodic acid, reactions of 145 

Hydrobromic acid, reactions of 161 

Hydrochloric acid gas, preparation of 37 

" " tests for 38 

Hydrocliloric acid, reactions of 150 

Hy<lrocianic acid, *' " 171 

Hydrofluoric acid ** *' 167 

Ilydrofluosilicic acid, ** " 168 

preparation of 341 

Hydrogen chloride gas 37 

preparation of 23 

properties of 26 

sulphide, reactions of 139 

" " test for 27 

Hypochlorites, reactions of 141 

Hypochlorous acid, reactions of 142 

Hyposulphites 140 

Hy posulphurous acid 141 

IGNITION, process of 55 

♦* on charcoal 69 

Ignition tubes, preparation of 5 

Indi<ro prism 62, 320 

indium, detection in analysis 302, 304 

reactions of 298 

Insoluble substances, analysis of 205, 275 

Iodides, reactions of 151 

Iron group, sepanition and detection of 9& 

' table of differences 97 

•* table for analysis 194, 244 

Iron, reactions of 94 
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LABELLIN(J bottles 344 

Labels, varnishing of 344 

Laboratory bench 815 

fittings . 818 

Load, reactions of 109 

Levigation 60 

Lime water, preparation of 839 

Liquid reagents, dilution of 834 

Lithium, detection in analysis 808 

" reactions of 800 

Litmus paper, use of 64 

Litre, the 864 

MAdNESirM, reactions of 88 

>Lingancse *' " 100 

Marsh's test 119 

Meconates, reactions of 807 

Mercuricum " *' 107 

Mercurosum ** " 133 

Metallic substances, nnaly^is of 204, 270 

Metals, examination for 190, 284 

Molylxlates, detection in analysis 802 

*' reactions of • 295 

Morphine, reactions of 308 

Mortar, agate 226, 820 

AJAHCOTINK. rcacti.ms of 310 

1\ N«Mitr!iIizin;i. pr«)ress of 64 

Neutral rea<'tioii 64 

Nickrl. n'ai'tinM*< of 102 

Nitrate^. " H4 

Nitrir acid, r('a<-tions of 146 

Nitric o\id<'. prrfaration of 81 

Nitrites, rcacticdi^ of 142 

Ni..-.../..n sra. 21 

inonoxidt' "8 

it'tio\i.h' ^-oliitii'U, pHMiaraiion of 341 

Viir"ii< arid. r('a('tioii>« nf 14«. 

*• oxide. ]tri'|)aratiiiii ol 88 

Notation, chemical lo 
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PAGE 

Note-book, rules for entry in 72 

** examples of entry 75, 209, 286 

ORGANIC acid rodicles, reactions of 169, Z (\ 

Oxalates, reactions of ] 73 

OxaUc acid 17* 

Oxygen gas, preparation of 17 

** ** properties of 11) 

'* " tests for 21 

Ozone gas, preparation and test 22 

PALLADIUM, detection in analysis of 302 
'* reac ions of 294 

Phosphates, reactions of 157 

analysis of 202, 268 

Phosphoric acid, reactions of . . 158 

Phosphorus, combustion in oxygen 20 

Platinum, detection of 274 

reactions of 128 

separation from gold 274 

Platinum wire, mounting 6 

*' ** cleaning 11 

Potassium group, separation and detection 87, 88 

♦' ♦' table of differences 86 

*< " table of analysis 88, 250 

Potassium, reactions of 79 

Precipitates, drying of 51 

removal from filter 51 

washing ^ 50 

Precipitation, process of 45 

" of Group III., remarks on 261 

" of Group III., rules for 264 

Preliminary examination for metals i82, 186, 223, 224 

« *' for acid railicles 188, 231 

<< " of cyanogen compounds 282 

** '* of insoluble substances .... 205, 276 

«< »♦ of metallic substances 204, 270 

Prussic acid, reactions of 171 
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RARER ELEMENTS, reactions of 293 

** ♦♦ tables for detection of 802, 304 

Reactions, entry of 72, 75 

Reagents, addition of, in excess 220 

** preparation of 333 

*' list of bench 346 

♦* list of general, for nielals 348 

" list of geneial, for acid mdicles 350 

Reinsch's test 117 

Residues, silver 831 

" platinum 332 

Rose burner 2 

Rubidium, detection in analysis 303 

*' reactions of 301 

Rules for working 76 

Rules for trying the analytical reactions 77 

SALICYLATES, reactions of 807 

Saturated solutions, i>reparation of 338, 340 

Selenates, detection in analysis 802 

'* reactions of 296 

Seleniles " " 296 

Selenium " " 296 

Silicates, analysis of 203, 280 

•• react inns of 163 

Silicic acid, " ♦♦ 164 

Silver group, separation and detection of 184 

" •• table of differences 133 

table of analysis 192, 241 

Silver, reactions of 132 

Simple --Ml^laiH'es, analysis of 177 

Soilinm, reactions of 82 

Solubility, table of 252 

Solution. ])rocess of 42, 181, 234, 271 

Soluiion of solid reagents 835 

Solution of ^a'^es 889 

Solutions fur reaetion>. of tnetals 352 

•• Mcid r:idicle*< 354 

S|M'i'trn<fit|M'. it«; ti'^e in .•in:ily»'is 63 

Sin'cliiiin «'h:irt 66 

Spirit laiuj' 3 

Staivli. re.M-ti'>n> of • 8H 
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PAQB 

Steam oven 325, 830 

Stirring rods, preparation of 7 

Store jars 343 

Strontium, reactions of 89 

Strychnine, reactions of 309 

Sublimation, process of 66 

Substances for analysis 359 

Succinates, reactions of 307 

Sulphates, " " 136 

Sulphides «• '* 138 

Sulphites, " ** 140 

Sulphocyanides, reactions of 172 

Sulphur, combustion in oxygen of 20 

Sulphur dioxide gas 38 

Sulphuretted hydrogen apparatus 321 

" " passing of 323 

" ** reactions of 139 

'♦ " solution 840 

Sulphurous acid, reactions of 140 

" " preparation of 840 

Sulphurous oxide gas 38 

Sulphuric acid, reactions of 136 

Symbols, chemical 73, 363 

TABLE for analysis of Group I. 192, 241 
" Group II.A 193, 242 

Group II. B 193, 243 

Group III. A 194, 244 

Group 1II,D 194, 245 

'« " Group Ill.A-B. . . . 200, 265, 266, 268 

" '♦ Group IV 195, 248 

" Group V 88, 200 

** ** rarer .subt-tunces 3U2, 304 

" " phosphates 268 

'♦ •' cyanogen compounds 284 

Table of solubility 252 

Taunates, reactions of 307 

Tartaric acid, reaction of 175 

Tartrates, reactions of 174 

Tellurates, detection in analysis- 302 

** reactions of 297 

Tellurites, " «• 297 
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Tellurium, " ** 296 

Test-papers, use of 68 

Test-tubes 318 

Test-tube brush 11 

Thullium, detection in analysis 802, 308, 804 

'* reactions of 298 

Thermouietric scales, conversion of 363 

Thiosulphates, reactions of 140 

Tbiosulphuric acid, reactions of 141 

Tin, reactions of 12»> 

Titanium, detection in analysis 303, 304 

" reactions of 298 

Tungstates, detection in analysis 302 

" reactions of 294 

Turmeric paper, use of 54 

URANIUM, detection in analysis 803, 804 

*' reactions of 297 

Urates, reactions of 807 

Urea, " ♦• 812 

Uric acid, reaction;? of 807 

VANADIUM, detection in analysis 308 
" reactions of 299 

Vainisliiug labels 844 

WASII-BOTTLt: 8 

Washing pises • 86 

Washing precipitates 60, 221 

'* i'e?>idue on charcoal 60 

Water-bath 320 

Water, distillation of 39, 82-1 

distilling apparatus 826, 827 

Wci<:hts and nica-uic^, French and English 364 
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talilc fur analv'^is 1*,*4, 246 

i'in«*. reactions of 99 

THE END. 
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ERIOH8KX (JOHN E.). THE SCIENCE AND ART OF SUR- 
GERY. A new American from the eighth enlar;^ed and revisiHi Lou- 
don iHlition. In two large octavo volumes containing 231H pages, with 
084 engravings. ( 'h>th, .i^O ; leather, a^U. 

FARQUHARSON (ROBERT). A (JUIDE TO THERAPEUTICS. 

Fourth American from fourth English edition, revised by FRANK 
Woo DBF RY, M. 0. In one 12mo. volume of 581 pages. Cloth, $2.50. 

FIELD (GEORGE P.). A MANUAL OF DISEASES OF THE 
EAR. Fourth eilition. In (me octavo volume of 391 pages, with 73 
engravings and 21 colored plates. Cloth, $3.75. Jvai ready, 

FLINT (AUSTIN). A TREATISE ON THE PRINCIPLES AND 
PRACTICE OF MEDICINE. New (7th) t>dition, thoioaghly revised 
by Frederick P. Henry, M.I). In one large Svo. volume of 1143 
]mg(>s, with (>ngraviiigs. (Uoth, $.').00 ; leather, $6.00. JuM rrady, 

A MANUAL OF AUSCULTATION AND PERCUSSION ; of 



the Phvsical Diagnosis of Diseases of the Lungs and Heart, and of 
Thoniclc Aneurism. Fifth edition, revised by JamES C. Wilsox, M. D. 
In one handsome 12nio. volume of 274 images, with 12 engravings. 

Cloth, .^1.7r>. 



— A PRACTICAL TREATISE ON THE DIAGNOSIS AND 
TREATMENT <^F DISEASES OF THE HEART. Second edition, 

enhirged. In one <K*tavo volume of 'hA) pages. Cloth, $4. 

— A PRACTICAL TREATISE ON THE PHYSICAL EXPLO- 
RATION OF THE CITEST, AND THE DIAGNOSIS OF DIS- 
EASES AFFE<TIN<} THE RESPIRATORY ORGANS. Second 
and n'vistil (*dition. In one octavo volume of 591 pages. Cloth, $4.50. 

— MEDICAL ESSAYS. In one 12mo. vol. of 210 pages. Cloth,$l.S8. 



OX PHTHISIS: its M<mBiD anatomy etiology, etc. 

A Scries of Ciiniral I^'ctures. In one Svo. volume of 442 pages. 

i'loth, :ri:^.r)i). 

FOIiSOM iC\ F.i. AX ABSTRACT OF STATUTES OF U. 8. 
OX CUSTODY OF THE IXSANE. In one Svo. voL of 108 
Cloth, S^l. .'><). Also lM>un(l with Clotut4m on IntanUy. 

FOSTKH(3IICHAKL). A TEXT-HOOK OF PHYSIOLOGY. Fifth 

and revis<'<l American from the fifth Enirlish (Mlition. lu one larae 
octavo volume of l(tt;4 images, with ',\\i\ engravings. Cloth, (4.50; 
leather, K)'^{). Jiut rmdy. 

FOTHKIIGILL i.I. 3niiNEU). THE PRACTITIONER'S HAND- 

|{< )( )K < )F TRFATMKXT. Thinl e«lition. In tme hamlsome octavo 

volunif of <»i5l jKii;c»i. <'loth, s.').7"» ; leather, ."M 7'». 

F()w\r.s .gfx)im;f.i. a maxcal of elementary chem- 

ISTKV dXolKiAXK' AXD OIKiANIC.. Twelfth eilition. Em- 
hiHlyiiiLr Waits' Physical and Inorganic ChemiMtry, In «ine royal 
IlMiio. volume of iDiii imires, with 1(>S engravings, ami 1 colored 
phiie. Cloth. ,<•_'. r.'*: leather, .SS.L'ri. 

fox: (TILnrUV and T. COIiTOTTi. epitome OF SKIN 

DISEASES, with F«»n»uhe. For Stutlent-* ami PraHitionent. Third 
American edition, n>vi>^1l hv T. C. Fox. In one small 12iuo. rolame 

.»f 'i:\< pat:*"*. Cloth, ^l:l:^.' 
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FRANKIiAND(E.) AND JAPP(F.R.). INORGANIC CHEMISTRY. 

In one handsome octavo volume of 677 pages, with 51 engravings and 
2 i)Iates. Cloth, $3.75 ; leather, $4.75. 

FULLER (HENRY). ON DISEASES OF THE LUNGS AND AIR 
PASSAGES. Their Pathology, Physical Diagnosis, Symptoms and 
Treatment. From second English edition. In one 8vo. volume of 475 
pa^es. Cloth, $3.50. 

GANT (FREDERICK JAMES). THE STUDENTS SURGERY. A 
Multum in Parvo. In one square octavo volume of 845 pages, with 
159 engravings. Cloth, $3.75. 

GIBBES (HENEAGE). PRACTICAL PATHOLOGY AND MOR- 
BID HISTOLOGY. In one very handsome octavo volume of 314 
pages, with 60 illustrations, mostly photographic. Cloth, $2.75. 

GIBXEY (V. P.). ORTHOPEDIC SURGERY. For the use of Practi- 
tioners and Students. In one 8vo. vol. profusely illus. Preparing, 

GOULD (A. FEARCE). SURGICAL DIAGNOSIS. In one 12mo. 
vol. of 589 pages. Cloth, $2. See Student's Series of AfanuaUy p. 14. 

GRAY (HENRY). ANATOMY, DESCRIPTIVE AND SURGICAL. 
Edited bv T. Pickering Pick, F.R.C.S. A new American, from the 
thirteenth English edition, thoroughly revised. In one imj>erial octavo 
volume of 1118 pag[es, with 636 large and elaborate engravings. Price, 
with illustrations in colors, cloth, $7 ; leather, $8. Price, with illus- 
trations in black, cloth, $6 ; leather, $7. Jyst ready, 

GRAY (LANDON CARTER). A TREATISE ON NERVOUS AND 
MENTAL DISEASES. For Students and Practitioners of Medicine. 
In one handsome octavo volume of 681 pages, with 168 engravings. 
Cloth, $4.50 ; leather, $5.50. 

GREEN (T. HENRY). AN INTRODUCTION TO PATHOLOGY 
AND MORBID ANATOMY. Sixth American from the seventh 
London edition. In one handsome octavo volume of 540 pages, with 
167 engravings. Cloth, $2.75. 

GREENE (WILLLAM H.). A MANUAL OF MEDICAL CHEM- 
ISTRY. For t 
Chemistry, In 

GROSS (SAMUEL W.). A PRACTICAL TREATISE ON IMPO- 
TENCE, STERILITY, AND ALLIED DISORDERS OF THE MALE 
SEXUAL ORGANS. Fourth edition. Edited by F. R. Sturgis, M.D. 
In one liandsonie octavo vol. of 165 pages, with i8 illus. Cloth, $1.50. 

GROSS (SAMUEL D.). A PRACTICAL TREATISE ON THE DIS- 
EASES, IN.JURIES AND MALFORMATIONS OF THE URINARY 
BLADDER, THE PROSTATE GLAND AND THE URETHRA. 
Third edition, thoroughly revised and edited by Samuel W. Gross, 
M. D. In one octavo vol. of 574 pages, with 170 illus. Cloth, $4.50. 

HABERSHON (S. O.). ON THE DISEASES OF THE ABDOMEN, 
, comprising those of the Stomach, CEsophagus, Caecum, Intestine 

and Peritoneum. Second American from the third English edition. 

In one octavo volume of 654 pages, with 11 engravings. Cloth, $3.50. 

HA3IILTON (ALLAN MCLANE). NERVOUS DISEASES, THEIR 
DESCRIPTION AND TREATMENT. Second and revisd edition. 
In one octavo volume of 598 pages, with 72 engravings. Cloth, $4. 

HAMILTON (FRANK H.). A PRACTICAL TREATISE ON FRAC- 
TURES AND DISLOCATIONS. Eighth edition, revised and edited 
by Stephen Smith, A. M.^ M. D. In one handsome octavo volume of 
832 pages, with 507 engravings. Cloth, $5.50 ; leather, $6.50. 

HARDAWAY (W. A.). MANUAL OF SKIN DISEASES. In one 
1 2mo. volume of 440 pages. Cloth, $3. 
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ISTRY. For the Use of Students. Based upon Bowman's Medical 
1 one 12mo. vol. of 310 pages, with 74 illus. Cloth, $1.75. 
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HARK (HOBABT AlttORY). A TEXT-BOOK OF PRACTICAL 

THEKAPEUTK S, with Special Reference to the Application of 
Remedial Measures to Disease and their Employment upon a Rational 
I^asiH. With articles on various subjects dv well-known specialists. 
New (4th) edition, revised and enIarK«<l. In one octavo volume of 
7M) pages. Cloth, $3.75 ; leather, $4.76. Jit^ ready, 

HARE (HOBART AMORY), EDITOR. A SYSTEM OF PRAC- 
TIC AL THERAPEUTICS. By American and Foreign Authors. In 
a writ»8 of contributions by 78 eminent Physicians. Three hiix^ octavo 
volumes comprising «3544 i>ages. with 434 engravings; Price per 
volunu', cloth, $o ; leather, $6 ; iialf Russia, $7. For sale by $wh 
script ion only. Address the publishers. 

HARTSHORNE (HENRY). ESSENTIALS OF THE PRINCIPLES 
AND PRACTICE OF MEDICINE. Fifth edition. In one 12mo. 
volume, G()9 pages, with 144 engravings. Cloth, $2.75 ; half bound, $3. 

A HANDBOOK OF ANATOMY AND PHYSIOLOGY. In one 

12mo. volume of 310 i)ages, with 220 engravings. Cloth, $1.75. 

A < 'ONSPECTUS OF THE MEDICAL SCIENCES. Comprinng 



Manuals of Anatomy, Physiology, Chemistry, Materia Medioa, 

tice of .\iedicine, Surgery and Ol>stetrics. Second edition. In one royal 

12mo. vol. of 1028 i)ag(?s, with 477 illus. Cloth, $4.2o; leather, $5. 

HERMAN (G. ERNEST). FIRST LINES IN MIDAVtFERY. In 

one 12mo. vol. of liW i)agt»s, with SO engravings. Cloth, $1.25. See 

Stinlt'iit^s Seri*'ti of Mtintnihf j). 14. 

HERM/VNN(Li.). EXPERIMENTAL PHARMACOLOGY. A Hand- 
tKM>k of the Mcthcnls for Determining the Physiological Actions of 
Dnigs. Translat4Hl by KoBERT ^[kade SMITH, M. D. In one 12mo. 

vohinie of lJ»i» pa^es, with :V2 engravings. Cloth, $l.oO. 

HILL (BERK>:LEY). SYPHILIS AND LOCAL CONTAGIOUS 

DrsoKDEP.S. In one Svo. volume of 479 i>age8. Cloth, $3.25. 

HILlilER (THOMAS). A HANDBOOK OF 8KIN DISEASES. 
Sec<m(l (Hlitioii. In one royal 12mo. volume of .V>^{ Images, with two 

l>lati's. Cloth, >;2.2r). 

HIRST (BARTON C\) AND PIERSOL (GEORGE A.). HUMAN 

MONSTROSITIES. Ma^niificent folio, ctmtaining 22U pages of text 
and illustnitiHl witli 12.'{ engniviu}^ and 39 large photographic plates 
from iiatuH'. In four parts, 2)rice tnich, ^.l. Limited edition. F6r mUe 
hy suhscripiion only. 

HORLYX (RICH.\RI> D.). A DKTIONARY OF THE TERMS 
ISKI) IN MKDICINK AND THK COLLATEK.VL SCIENCES. 
In om* 12m(». volunu* of .VJO (louble-c<»luninetl {Nigi's. Cloth, $1.50; 
loatluT, .S2. 

HODGE (HUGH li.). ON DISKASKS PK( TLLVK TO WOMEN, 
IN('LrDIN(J DISPLACKMKNTS OF THK UTEKUS. Secondand 

n'vis4Ml fdition. In our svo. vol. of .'il!) pp., with illiiK. Cloth, ^m5€L 

HOFF3I ANN . FRKDEHK K ) ANI> I»<)WER f FREHKRICKB.). 

A MANIAL OF (IIKMICAL ANALYSIS, as .Vppliwl to the 
Kxiniiination of Mctliciiial (linnirals and tht*ir Pn'|Hiration8. Third 
cditioi), cntin'ly rrwrittm and much rnlarifctl. In on<* handsMtme octavo 
vjilunir of iVl\ paircs, with 17!> fnirravii»ip». Cloth, ?»4.2.'>. 

H<>IJ>KN iLl'THKU. LANDMARKS. MKDICAL AND SURGI- 
TAL. From ihr thinl Knirlisii ^tlition. With additionH hy W, W. 
Kkkn, M. D. In niu> royal li'nio. volume of 14x luigiv. Cloth, $1. 

HOIJiANl) (SIR HENRYS. MKDICAL NOTES AND REFLEC- 
TloNS. From thinl Knirlish tilition. In one Svo. volame of 493 

|»ai:<*J. Cloth, Si. "in. 
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HOLiM£S (TIMOTHY). A TREATISE ON SURGERY. Its Prin- 
ciples and Practice. A new American from the fifth English edition. 
Edited by T. Pickering Pick, F.R.CS. In one handsome octavo vol- 
ume of 1008 pages, with 428 engravings. Cloth, $6 ; leather, $7. 

A SYSTEM OF SURGERY. With notes and additions by various 



American authors. Edited by John H. Packard, M. D. In three 
verv handsome 8vo. volumes containing 3137 double-columned pages, 
with 979 engravings and 13 lithographic plates. Per volume, clotn, $6 ; 
leather, $7 ; half Russia, $7.60. For sale by eubacription only. 

HORNER (WIIililAM E.). SPECIAL ANATOMY AND HIS- 
TOLOGY. Eighth edition, revised and modified. In two large 8vo. 
volumes of 1007 pages, containing 320 engravings. Cloth, $6. 

HUDSON (A.). LECTURES ON THE STUDY OF FEVER. In one 
octavo volume of 308 pages. Cloth, $2.50. 

HUTCHINSON (JONATHAN). SYPHILIS. In one pocket-size 12mo. 
volume of 542 pages, with 8 chromo-lithographic jdates. Cloth, $2.25. 
See Series of Clinical ManuaU, p. 13. 

HYDE (JAMES NEVIN8). A PRACTICAL TREATISE ON DIS- 
EASES OF THE SKIN. New (3d) edition, thoroughly revised. In 
one octavo volume of 802 pages, with 108 engravings and 9 colored 
plates. Cloth, $5 ; leather, $6. Just ready, 

JACKSON (GEORGE THOMAS). THE READY-REFERENCE 
HANDBOOK OF DISEASES OF THE SKIN. In one 12mo. 
volume of 544 pages, with 50 engravings. $2.75. 

JA3IIESON (W. AliLiAN). DISEASES OF THE SKIN. Third 
edition. In one octavo volume of iooQ pages, with 1 engraving and 9 
double-page chromo-lithographic plates. Cloth, $6. 

JONES (C. HANDFIEIiD). CLINICAL OBSERVATIONS ON 
FITNCTIONAL NERVOUS DISORDERS. Second American edi- 
tion. In one octavo volume of 340 pages. Cloth, $3.25. 

JULER (HENRY). A HANDBOOK OF OPHTHALMIC SCIENCE 
AND PRACTICE. New (2d) edition. In one octavo volume of 549 
l)ages, with 201 engravings, 17 chromo-lithographic plates, test-types of 
Jaeger and Snellen, ana Holmgren's Color-Blindness Test. Cloth, 
$5.50 ; leather, $6.50. 

KING (A. F. A.). A MANUAL OF OBSTETRICS. Fifth edition. In 
one 12mo. volume of 446 i)ages, with 150 illustrations. Cloth, $2.50. 

KLEIN (E.). ELEMENTS OF HISTOLOGY. Fourth edition. In 
one }K>cket-size 12mo. volume of 376 pages, with 194 engravings. 
Cloth, $1.75. See Student's Series of Manuals, p. 14. 

liANDIS (HENRY G.). THE MANAGEMENT OF LABOR. In one 

handsome 12mo. volume of 329 pages, with 28 illus. Cloth, $1.75. 

LA ROCHE (R.). YELLOW FEVER. In two 8v<>. volumes of 1468 
pages. Cloth, $7. 

PNEUMONIA. In one 8vo. volume of 490 pages. Cloth, $3. 

LAURENCE (J. Z.) AND MOON (ROBERT C). A HANDY- 
BOOK OF OPHTHALMIC SURGERY. Second edition. In one 
octavo volume of 227 pages, with i)6 engravings. Cloth, $2.75. 

LAWSON (GEORGE). INJURIES OF THE EYE, ORBIT AND 
EYE-LIDS. From the last English edition. In one handsome octavo 
volume of 404 pages, with 92 engravings. Cloth, $3.50. 

LEA (HENRY C). CHAPTERS FROM THE RELIGIOUS HIS- 
TORY OF SPAIN; CENSORSHIP OF THE PRESS; MYSTICS 
AND ILLUMINATI ; THE ENDEMONIADAS ; EL SANTO NiSO 
DE LA GUARDIA; BRIANDA Dfi BARDAXI. In one 12mo. 
volume of 522 pages. Cloth, $2.60. 
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LiEA (HENRY C). FORMULARY OF THE PAPAL PENITENTI- 
ARY. In one «vo. vol. of 221 pages, with frontispiece. Cloth, $2 JO. 

SUPERSTITION AND FORCE ; ESSAYS ON THE WAGER 

OF LAW, THE WAGER OF BATTLE, THE ORDEAL AND 
TORTURE. Fourth edition, thonmghlv revised. In one hand- 
some royal 12mo. volume of 629 i)agea. Cfloth, $2.75. 



— STUDIES IN CHURCH HISTORY. The Rise of the Temporal 
Power — Benefit of Clergy — Excommunication. New edition. In one 
liandsome 12mo. volume of 605 pages. Cloth, $2.50. 

AN HISTORICAL SKETCH OF SACERDOTAL CELIBACY 



IN THE CHRISTIAN CHURCH. Second edition. In one hand- 
some octavo volume of 685 pages. Cloth, $4.50. 

LEDGER. THE MEDICAL NEWS PHYSICIAN'S LEDGER. Con- 
tains 300 pages ledger paper, ruled in approved style. Strongly 
Ixmnd with patent flexible back. Price, $4. 

liEE (HENRY) ON SYPHILIS. In one Svo. volume of 246 pa^e*. 

Cloth, $2.25. 

liEHMANN (C. G.). A MANUAL OF CHEMICAL PHYSIOLOGY. 

In one 8vo. volume of 327 pages, with 41 engravings. Cloth, $2.25. 

LEISHMAN (WILLIAM). A SYSTEM OF MIDWIFERY. Indnd- 

iiii^ the Diseases of Pregnancy und the Puerperal State. Fourth edi- 
tion. In one octavo volume. * 

LOOMIS (ALFRED L.) AND THOMPSON (W. OIIiMAN). 

A SYSTEM OF PRACTICAL MEDICINE. In Treatises by Vari- 
ous Authors. In ver}" handsome Svo. volumes with illns. P rep ari ng. 

LUCAS (CLEMENT). DISEASES OF THE URETHRA. Preparing. 

SiH? tSeries of Cii nigral Mamuihy p. 13. 

LUDLOW (J. L.). A MANUAL OF EXAMINATIONS UPON 
ANATOMY, PHYSIOLOGY, SURGERY, PRACTICE OF MEDI- 
CINE. OBSTETRICS, MATERIA MEDICA, CHEMISTRY, PHAR- 
MACY AND THEKAPEUTICS. To which is added a Medical For- 
niuhirv. Thinl (*<litioii. In one ntyal 12mo. volume of 816 pages, with 
'Mi) engravings. Cloth, $.S.2o ; lea'tlier, $3.76. 

LUFF (ARTHUR P.). MANUAL OF CHEMISTRY, for the use of 

Students of Me<lieine. In one 12mo. volume of 522 pages, with 36 
en^nivings. Cloth, $2. See StndenVa Sfrir* of ManitaU, p. 14. 

LYMAN (HENRY M.). THE PRACTICE OF MEDICINE. In one 

very lian<lsonie octavo volume of 925 I>age8, with 170 engravingt. 

Cloth, $-L7') ; leather, $5.75. 

LYONS ( ROBERT D.). A TREATISE ON FEVER. In one octavo 

v<»lunu' of 'Mi'2 payes. Cloth, $2.25. 

MAI8CH (JOHN >!.). A MANUAL OF ORGANIC MATERIA 
MKDICA. Fifth edition. In <me verj- handsome 12iuo. volume of 

r>l 1 jm^res, with 270 engnivinjup*. Cloth, *$.S. 

MANUALS. Si-e StiuhnVs Quiz .SVriVj*, p. 14, StwUtU'e Series of Mann- 

titn, j». II, an<l Sfficji of Ciinira/ Manimh^ p. 13. 

MARSH ( HOWARD 1. DISEASES OF THE JOINTS. In one 12mo. 

vohinic of 4()S imi;<'s, with (14 fnirravinirsand a c^olored plate. Cloth, $2. 

Sm' Srrits of Ciinirn/ }finiiinh^ p. i;{. 

MAYiC.H.). MANUAL OK THE 1)ISE.\SKS OF WOMEN. For 

thr ns<' of Stuth-nts and Tract it ioners. Stvond etlition, n-vined hy L. 
S. Uat, M. !>. In onr IJnio. voUimr of ,H«)<> |mt^^, with .SI engrav- 

ini."«. ('h»th, >il.7."». 

MIIiLKR iJA3IKSi. IMIINCIPLKS (^F SURGERY. Fourth Ameri- 
can from tiic third K^linhurirh edition. In one lar^e <H?tavo volume of 
♦l>> pairrs, with 2 in i-nvrnivinsr*. <'"loth, $;i.7.">. 

TIIK IMIACTK K OF SUR<iERY. Fourth American from the 

laM Kdinl>nr;;h edition. In one larue octavo volume of r>82 pages, with 

:U\{ cnirniviniT*. Cloth, .'?."{.7.'». 



LsA Brothers A Co.'s Publications. 11 

MORRIS (HENRY). SURGICAL DISEASES OF THE KIDNEY. 
In one 12mo. volume of 554 pages, with 40 ennttvings and 6 colored 
plates. Cloth, $2.25. See Series of Clinical Manuals^ p. 13. 

MORRIS (MAIjCOIiM). DISEASES OF THE SKIN. In one 
square 8vo. volume of 572 pages, with 19 chromo-lithographic figures 
and 17 engravings. Cloth, $3.50. Just ready, 

MiJliliER (J.). PRINCIPLES OF PHYSICS AND METEOROL- 
OGY. In one large 8vo. vol, of 623 pages, with 538 cuts. Cloth, $4.50. 

MUSSER (JOHN H.). A PRACTICAL TREATISE ON MEDICAL 
DIAGNOSIS, for Students and Physicians. In one octavo volume 
of 873 pages, illustrated with 162 engravings and 2 colored plates. 
Cloth, $5 ; leather, $6. JtiU ready. 

NATIONAL DISPENSATORY. See StiUe, MaUch & Cafepari, p. 14. 

NATIONAL MEDICAL DICTIONARY. See BUlings, p. 3. 

NETTIiESHIP (E.). DISEASES OF THE EYE. Fourth American 
from fifth English edition. In one 12mo. volume of 504 pages, with 
164 engravings, test-types and formulse and color-blindness test. 
Cloth, $2. 

NORRIS (WM. F.) AND OIjIVER (CHAS. A.). TEXT-BOOK OF 
OPHTHALMOLOGY. In one octavo volume of 641 pages, with 357 
engravings and 5 colored plates. Cloth, $5 ; leather, $6. 

OWEN (ED3nJND). SURGICAL DISEASES OF CHILDREN. 
In one 12mo. volume of 525 pages, with 85 engravings and 4 colored 
plates. Cloth, $2. See Series of Clinical ManualSy j). 13. 

PARRISH (EDWARD). A TREATISE ON PHARMACY. With 
many Formula? and Prescriptions. Fifth edition, enlarged and thor- 
ouglily revised by Thomas S. Wiegand, Ph. G. In one octavo vol- 
ume of 1093 pages, with 257 engravings. Cloth, $5 ; leather, $6. 

PARRY (JOHN S.). EXTRA-UTERINE PREGNANCY. ITS 
CLINICAL HISTORY, DIAGNOSIS, PROGNOSIS AND TREAT- 
MENT. In one octavo volume of 272 pages. Cloth, $2.50. 

PARVIN (THEOPHIIiUS). THE SCIENCE AND ART OF OB- 
STETRICS. Second edition. In one handsome 8vo, volume of 701 
oajires, with 239 engravings and a colored plate. Cloth, $4.25; 
leather, $o.2o. 

PAVY (F. W.). A TREATISE ON THE FUNCTION OF DIGES- 
TION, ITS DISORDERS AND THEIR TREATMENT. From the 
second London edition. In one 8vo. volume of 238 pages. Cloth, $2. 

PAYNE < (JOSEPH FRANK). A MANUAL OF GENERAL 
PATHOLOGY. Designed as an Introduction to the Practice of Medi- 
cine. In one octavo volume of 524 pages, with 153 engravings and 
1 colored plate. Cloth, $3.50. 

PEPPER'S SYSTEM OF MEDICINE. See p. 2. 

PEPPER (A. J.). FORENSIC MEDICINE. In press, See Student's 
Serifs of Manuals^ p. 14. 

SURGICAL PATHOLOGY. In one 12mo. volume of 511 pages, 

witli 81 engravings. Cloth, $2. See Student's Series of Jfammls, p. 14. 

PICK (T. PICKERING). FRACTURES AND DISLOCATIONS. 
In one 12mo. volume of 530 pages, with 93 engravings. Cloth, $2. 
StH? Series of Clinical Mantia&y p. 13. 

PIRRIE (WniljIAM). THE PRINCIPLES AND PRACTICE OF 
SITRGERY. In one octavo volume of 780 pages, with 316 engravings. 
Cloth, $3.75. 
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PliAYFAlR (W. 8.). A TREATISE ON THE SCIENCE AND 
PRACTICE OF MIDWIFERY. Sixth American from the eiehth 
English (Klitioi). E(lite<l, vrith addithins, hy R. P. HARRIS, M. D. 
In oiif ()ot4ivo volume of 697 ]ni)<i>s, with 217'enfi^viiig8 and 5 phices. 
Cloth, $4; leather, $5. Just reiuly. 

THE SYSTEMATIC TREATMENT OF NERVE PROSTRA- 



TION AND HYSTERIA. In one 12mo. vol. of 97 pp. Cloth, $1. 

POIilTZER (ADAM). A TEXT-BOOK OF THE DISEASES OF THE 
EAIl AND ADJACENT ORGANS. Sectmd American from the 
thinl Gennan iHlition. Translated by Ohc^ar Dodd, M. D., and 
wlitetl by Sir William Dalby, F. R. C. S. In one octavo volame of 
748 pa^i^H, with H30 original engnivingH. Ch)th, $5.50. JuM ready, 

POWEK (HENRY). HUMAN PHYSIOLOGY. Second edition. In 
one 12nio. volume of 'M)(\ pages, with 47 engravingH. Cloth, $1.50. 
Sit StudenVs Series of Jfamuih, i>. 14. 

PURDY (CHARIjES W.). BRIGHT'S DISEASE AND ALLIED 
AFFECTIONS OF THE KIDNEY. In one octavo volume of 2S8 
pagi*s, with 18 engravings. Cloth, $2. 

PYE-SMITH (PHILIP H.). DISEASES OF THE SKIN. In one 

12nio. vol. of 407 i>p., with 28 illus., 18 of which arc colored. Cloth, $2. 

QUIZ SERIES. Siv Sfialent's Quiz Series, j). 14. 

RALFE (CHARLES H.). ( LINICAL CHEMISTRY. In one 

12niu. voliinu* of .SI 4 i>ages, with hi engravings. Cloth, $1.50. See 
SfNtfntt'i* Serit'i< of Manutiis, p. 14. 

R A3ISBOTH AM (FRANCIS H.). THE PRINCIPLED AND PRAC- 
TICE OF OBSTETRIC MEDICINE AND SURGERY. In one 

iiiipi'rial oetav(» volume of ()40 i»agi>s, with <>4 plat<>t( and nnmerons 
engravings in the text. Strongly Ixiuntl in leather, $7. 

REiCHERT ( EDWARD T.). A TEXT-BOOK ON PHYSIOL<XJY. 

In one hanilsonie oetavo volume of alM)ut Ht) imgCN, richly illustnited. 
rnpnriiuf. 

RE3ISEN (IRA). THE PRIXClPLI>!i OF THEORETICAL CH EM- 
I ST BY. Ftturtli tilititui, thon)ui;hly ri'visitl and much enlarged. 
In onr 12ino. volume »)f '.VlTy pagt'S. Cloth, $2. 

REYNOLDS (J. RUSSELL). A SYSTEM OF MEDICINE. Eil- 

it<i], with notes and addition^, hy IIknuy Haiitshoknk* M. D. In 
tinvr \i\r\iK' svt). v<»ls., eontainim; 'M^a\ eli»si'lv printc<l d«iuMe-oolun]ned 
i»a:r«'>, with Ml mirnivinirs. Prr vtdunu-, efoih, iCi\ Knither, f^i very 
IkiimNoiik' half Bussia, .S»».')4K Fur »nte hy sufwrij»tio» ontjf. 

RH HARDSON (BENJAMIN WARD). PREVENTIVE MEDI- 
CI N v.. In our octavo vtdunu- of 72i» juiges. Cloth, :M ; leather, $5, 

ROHERTS iJOHN R.). THE PBIXCIPLES AND PRACTICE OF 

MoDKBN sr B(iKBY. In om- <K.tavo volume of 7M0 imgeit, with 

.■|<»1 fn:^'ravinLrs. Cloth, .S4..'»<); loatluT, s^il.rH). 

-- THE COMPENI) OF ANATOMY. For uw in the D'nwectinff 



Boom and in pri'pariui; for Examiiuitions. In one liinio. volume of 

I'.m; pMu'i's. Limp rloth, 7'» cents. 

KOHEHTS iSIH WliJJAMi. A PBACTICAL TREATISE ON 
I BINABV AND BKNAL DISEASES. INCLUDIN<J URIN.VRY 
DI'.P<>SITS. Fourtii Aiiicriean from the fourth I^ondon tilition. In 
oijr viry )i:ni(Uom«> .sv<». vol. <»f ♦;<►!» pp., with >1 illus. <'loili, ^'(..10. 

ROHEHTSON J. MCGRFXiORi. PH YSlOUMilCAL PHYSIC8* 

In line 12mo. volunu* of .'1:17 i>jigcs, with 21t* cngnivinirs. (Moth, |t2. 
<«■«• Sfii'ltnt'i* Sii'its iif Mtiiiinih^ p. 14. 

HOSS .lAMESi. A HANDBOOK OF THE DISE.VSES OF THE 
N I'B V( »rs SYSTEM. In tnir hands«un<' (K'tavo volume of 72li 
with l*»l cngnivinu'i. Cl«»th. s4..'hi: Icalhi-r, .V»..'»<». 
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SAVAGE (GEORGE H.). INSANITY AND ALLIED NEUROSES, 
PRACTICAL AND CLINICAL. In one 12mo. volume of 551 pages, 
with 18 typical engravings. Cloth, $2. See Series of Clinical MaTV- 
nafs, p. 13. 

SCHAFER (EDWARD A.). THE ESSENTIALS OF HISTOL- 
OG Y, DESCRIPTIVE AND PRACTICAL. For the use of Students. 
New (3d) and enlarged edition. In one handsome octavo volume of 
311 pages, with 325 illustrations. Cloth, $3. 

SCHMITZ AND ZUMirrS CLASSIOAIj SERIES. 

ADVANCED LATIN EXERCISES. Cloth, 60 cents; half bound, 
70 cents. 
SCHMIDT'S ELEMENTARY LATIN EXERCISES. Cloth, 50 cents. 
SALLUST. Cloth, 60 cents; half bound, 70 cents. 
NEPOS. Cloth, 60 cents; half bound. 70 cents. 
VIRGIL. Cloth, 85 cents; half bound, $1. 
CURTIUS. Cloth, 80 cents ; half bound, 90 cents. 

SCHOFEEL.D (ALFRED T.). ELEMENTARY' PHYSIOLOGY 
FOR STUDENTS. In one 12mo. volume of 380 pages, with 227 
engravings and 2 colored plates. Cloth, $2. 

SCHREEBER (JOSEPH). A MANUAL OF TREATMENT BY 
MASSAGE AND METHODICAL MUSCLE EXERCISE. Trans- 
lated by AValtkr Mendei-SON, M. D., of New York. In one hand- 
some octavo volume of 274 pages, with 117 fine engravings. 

SEILER (CARL). A HANDBOOK OF DIAGNOSIS AND TREAT- 
MENT OF DISEASES OF THE THROAT AND NASAL CAVI- 
TIES. Fourth edition. In one 12mo. volume of 414 pages, with 107 
enirravings, and 2 colored plates. Cloth, $2.25. 

SEXN (NICHOLAS). SURGICAL BACTERIOLOGY. Second edi- 
tion. In one octavo volume of 268 pages, with 13 plates, 10 of which 
are colored, and 9 engravings. Clotn, $2. 

SERIES OF CLINICAL MANUALS. A Series of Authoritative 
Monographs on Important Clinical Subjects, in 12mo. volumes of about 
r>r)0 pages, well illustrated. The following volumes are now ready : 
Broadbent on the Pulse, $1.75; Yeo on Food in Health and Disease, 
$2; Carter and Frost's Ophthalmic Surgery, $2.25; Hutchinson 
on Syi)hilis. $2.25 ; Marsh on Diseases of tlie Joints, $2 ; MORRIS 
on Surgical Diseases of the Kidnev, $2.25; Owen on Surgical 
Diseases of Children, $2; Pick on t'ractures and Dislocations, $2; 
BiTLiN on the Tongue, $;150; Savage on Insanity and Allied Neu- 
roses, $2 ; and Treves on Intestinal Obstruction, ^2. The following 
is in press : Lucas on Diseases of the Urethra. 
For separate notices, see under various authors' names. 

SERIES OF STUDENT'S MANUALS. See next page. 

SI3ION (W.). MANUAL OF CHEMISTRY. A Guide to Lectures 
and Lalx)ratory Work for Beginners in Chemistry. A Text-book 
specially adapted for Students oi Pharmacy and Meaicine. New (4th ) 
ctlition. In one 8vo. volume of 490 pages, with 44 engravings and 7 
plates showing colors of 56 tests. Cloth, $3.25. 

SLADE (D. D.). DIPHTHERIA; ITS NATURE AND TREAT- 
MENT. Second edition. In one royal 12mo. vol., 158 pp. Cloth, $1.25. 

SMITH (EDWARD). CONSUMPTION ; ITS EARLY AND REME- 
DIABLE STAGES. In one 8vo. volume of 253 pp. Cloth, $2.25. 

SMITH (J. LE^aS). A TREATISE ON THE DISEASES OF IN- 
FANCY AND CHILDHOOD. Seventh edition, revised and enlarged. 
In one large 8vo. volume of 881 pages, with 51 illustrations. Cloth, 
$4.50 ; leather, $5.50. 

SMITH (STEPHEN). OPERATIVE SURGERY. Second and thor- 
oughly revised edition. In one octavo volume of 892 pages, with 
1005 engravings. Cloth, $4 ; leather, $5. 
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STUjUQ (AliFRED). CHOLERA ; ITS ORIGIN, HISTORY, CAUS- 
ATION, SYMPTOMS, LESIONS. PREVENTION AND TREAT- 
MENT. In one 12mo. volume of 163 pages, with a chart showing 
routes of previous epidemics. Cloth, $1.25. 

THERAPEUTICS AND MATERIA MEDICA. Fourth and 

revised edition. In two octavo volumes, containing 1936 pages. 
Cloth, $10; leather, $12. 



STDLLiE (ALFRED), MAISCH (JOHN M.) AND OASPARI 
(CHAS. JR.). THE NATIONAL DISPENSATORY: Containing 
the Natural History, Chemistry, Pharmacy, Actions and Uses of 
I^Iedicines, including those recognized in the latest Pharmacopoeias of 
the United States, Great Britain and Germany, with numerous refer- 
ences to the French Codex. New (5th) edition, revised and enlarged 
in accordance with the new U. S. Pharmacopoeia, Seventh Decennial 
Revision. In one magnificent imperial octavo volume of 1910 pages, 
with 320 engravings. Cloth, $7.25; leather. $8. With ready rererence 
Thumb-letter Index. Cloth, $7.75; leather, $8.50. Just ready, 

STIMSON (LEWIS A.). A TREATISE ON FRACTURES AND 
DISLOCATIONS. In two handsome octavo volumes. Vol. I., Frac- 
tures, 582 pages^ 360 engravings. Vol. II., Dislocations, 540 
pages, 163 engravings. Complete work, cloth, $5.50 ; leather, $7.50. 
Either volume separately, cloth, $3 ; leather, $4. 

A MANUAL OF OPERATIVE SURGERY. Second edition. In 

one royal 12mo. volume of 503 pages, with 342 illus. Cloth, $2.50. 

STUDENT'S QUIZ SERIES. A New Series of Manuals in question and 
answer for Students and Practitioners, covering the essentialB of medical 
science. Thirteen volumes, pocket size, convenient, authoritative, 
well illustrated, handsomely bound in limp cloth, and issued at a low 
price. 1. Anatomy (double number); 2. Physiology; 3. Chemistrv and 
Phvsics; 4. Histology, Pathology and Bacteriology; 5. Materia l^edica 
and Thera}>eutics ; (5. Practice of Medicine ; 7. Surgery (doable num- 
ber); 8. Genito-Urinarv and Venereal Diseases; 9. Diseases of the Skin; 
10. Diseases of the F^ye. Ear, Throat and Nose; 11. Obstetrics; 12.. 
Gynecology; 13. Diseases of Children. Price, $1 each, except Nos. 
1 and 7, Aruitomy and Surgery, which being double numbers are priced 
at $1.75 each. Full specimen circular on application to publishers. 

STUDENT'S SERIES OF MANUALS. A Series of Fifteen Man- 
uals by Eminent Teachers or F^xarainers. The volumes are pockef-sixe 
12mos*. of from 300-540 pages, nrofusely illustrated, and bound in red 
limp cloth. The f(»llowing volumes may now be announced : Her- 
man's First Lines in Midwifery, $1.25; LuFF's Manual of Chemistry, 
$2 ; Bruce's Iklateria Medica and Therapeutics (fifth edition), $1.60 ; 
Treves' Manual of Surgery (monographs by 33 leading surseons). 3 
vohimes, jwrset, $(>; Bell's Com})arfttive Anatomy and Hiy«i<3ogy,fc; 
Robertson's Physiological Physics, $2; Gould's Surgiou Diagnosis^ 
^'2; Klein's Elements Of Histology (4th edition). $1.75; Pepper's 
Surgical Pathology, $2; Treves' Surgical Applied Anatomy. $2; 
Power's Human 'Physiology (2d edition), $1.60; Ralfb'S CHinical 
Chemistrv, $1 .')(); and* CLARKE and Lock wood's Dissector's Manual^ 
$1.50. TW following is in press: Pepper's Forensic Medioine. 
For st'[uirate notices, see under various authors' names. 

STURGES (OCrrAVIUS). AN INTRODl'CTION TO THE STUDY 
OF CLINICAL MKDICINK. In one 12mo. volume. Cloth, $1.25. 

SUTTON (JOHN BLAND). SURGICAL DISEASES OF TIIE 
OVARIES AND FALLOPIAN TUBES. Including Abdominal 
Pn'trnaiK'v. In one 12nu>. volume of 513 pages, with 119 engravings 
and .") eolorinl plates. Cloth, .^Ci. 

TUMORS, INNOCENT AND MALIGNANT. Their Clinical 

Fratnn's and Appn)priate Treatment. In one 8vo. vol. of 526 pp., with 
*J."i() ciitrraviugs and 9 full-page plates. Cloth, $4.50. JuH rtadjf, 

TAIT (L.AWSON). DISEASES OF WOMEN AND ABDOMINAL. 

SUR(iERY. In two handsome octavo volumes. Vol. L oontaint 646> 
paires an<l 3 plates. Cloth, $3. Vol. II., preparing. 
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TANNER (THOMAS HAWKES). A MANUAL OF CLINICAL 
MEDICINE AND PHYSICAL DIAGNOSIS. Third American 
from the second revised English edition. Edited bv Tilbury Fox, 
M. D. In one handsome 12mo. vol. of 362 pp., with illus. Cloth, $1.50. 

ON THE SIGNS AND DISEASES OF PREGNANCY. From 



the second English edition. In one octavo volume of 490 pages, with 
4 colored plates and 16 engravings. Cloth, $4.25. 

TAYLiOR (ALFRED 8.). MEDICAL JURISPRUDENCE. Eleventh 
American from the twelfth English edition, specially revised by Clark 
Bell, Esq., of the N. Y. Bar. In one octavo volume of 787 pages, 
with 56 engravings. Cloth, $4.50 ; leather, $5.50. 

ON POISONS IN RELATION TO MEDICINE AND MEDICAL 

JURISPRUDENCE. Third American from the third London edition. 
In one 8vo. vol. of 788 pp., with 104 illus. Cloth, $5.50 ; leath., $6.50. 

TAYLOR (ROBERT W.). A CLINICAL ATLAS OF VENEREAL 
AND SKIN DISEASES. Including Diagnosis, Prognosis and 
Treatment. In eight large folio parts, measuring 14 x 18 inches, and 
comprising 213 beautiful figures on 58 full-page chromo-lithographic 
plates, 85 nne engravings, and 425 pages of text. Complete work now 
ready. Price per part, sewed in heavy embossed paper, $2.50. Bound 
in one volume, hau Russia, $27 ; half Turkey Morocco, $28. For sale 
by subscription only. Address the publishers. Specimen plates by 
mail on receipt of ten cents. 

THE PATHOLOGY AND TREATMENT OF VENEREAL 

DISEASES. Being the sixth edition of Bumstead and Taylor. In 
one very handsome 8vo. volume of about 900 pages, with about 150 en- 
gravings as well as chromo-lithographic plates. Preparing. 

THOMAS (T. GAILIiARD) AND MUNDE (PAUL P.). A PRAC- 
TICAL TREATISE ON THE DISEASES OF WOMEN. New 
(6th) edition, thoroughly revised by Paul F. MundA, M. D. In 
one large and handsome octavo volume of 824 pages, with 347 engrav- 
ings. Cloth, $5 ; leather, $6. 

THO>IPSON (SIR HENRY). CLINICAL LECTURES ON DIS- 
EASES OF THE URINARY ORGANS. Second and revised etli- 
tion. In one octavo vol. of 203 pp., with 25 engravings. Cloth, $2.25. 

THE PATHOLOGY AND TREATMENT OF STRICTURE 

OF THE URETHRA AND URINARY FISTULA. From the 
third English edition. In one octavo volume of 359 pages, with 47 
engravings and 3 lithogniphic plates. Cloth, $3.50. 

TODD (ROBERT BENTLEY). CLINICAL LECTURES ON CER- 
TAIN ACUTE DISEASES. In one 8vo. vol. of 320 pp., cloth, $2..50. 

TREVES (FREDERICK). OPERATIVE SURGERY. In two 
8vo. vols, containing 1550 pp., with 422 illus. Cloth, $9 ; leath., $11. 

A MANUAL OF SURGERY. In Treatises by 33 leading sur- 

geons. Three 12mo. volumes, containing 1866 pages, with 213 engrav- 
ings. Price per set, $6. See Student's Series of ManuMlSy p. 14. 

THE STUDENTS' HANDBOOK OF SURGICAL OPERA- 

TIONS. In one 12rao. vol. of 508 pp., with 94 illus. Cloth, $2.50. 

SURGICAL APPLIED ANATOMY. In one 12mo. vol. of .540 pp., 

with 61 engravings. Cloth, $2. See Student's Series of Manuals y p. 14. 

INTESTINAL OBSTRUCTION. In one 12mo. volume of 522 



pages, with 60 illus. Cloth, $2. See Series of Clinical Manuals^ p. 13. 

TUKE (DANIEL HACK). THE INFLUENCE OF THE MIND 
UPON THE BODY IN HEALTH AND DISEASE. Second eilition. 
In one 8vo. volume of 467 pages, with 2 colored plates. Cloth, $:i. 

VAUGHAN (VICTOR C.) AND NOVY (FREDERICK G.). 

PTOMAINES, LEUCOMAINES AND BACTERIAL PROTEIDS, 
or the Chemical Factors in the Causation of Disease. Second edition. 
In one 12mo. volume of 389 pages. Cloth, $2.25. 
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VISITING lilST. THE MEDICAL NEWS VISITING LIST for 1894. 
Four stales : Weekly (dated for 30 patients); Monthly (undated for 
120 patients per month); Perpetual (undated for 30 patients each 
week); and Perpetual (undated for 60 patients each week). The 60- 
patient book consists of 256 pages of assorted blanks. The first three 
styles contain 32 pages of important data, thoroughly revised, and 
176 pages of assorted blanks. Each in one volume, price, $1.25. 
With thumb-letter index for quick use, 25 cents extra. Special rates 
to advance-paying subscribers to The Medical News or The 
American Journal of the Medical Sciences, or both. See p. l. 

WAIiSHE (W. H.). PRACTICAL TREATISE OX THE DISEASES 
OF THE HEART AND GREAT VESSELS. Third American from 
the third revised London edition. In one 8vo. vol. of 420 pp. Cloth, $3. 

WATSON (THOMAS). LECTURES ON THE PRINCIPLES AND 
PRACTICE OF PHYSIC. A new American from the fifth and 
enlarged English edition, with additions by H. Hartshorne, M. D. 
In two large 8vo. vols, of 1840 pp., with 190 cuts. Cloth, $9 ; leather, $11. 

WELiLiS (J. SOEIiBERG). A TREATISE ON THE DISEASES OF 
THE EYE. In one large and handsome octavo volume. 

WEST (CHARIiES). LECTURES ON THE DISEASES PECULIAR 
TO WOMEN. Third American from the third English edition. In 
one octavo volume of 643 pages. Cloth, $3.75 ; leather, $4.75. 

ON SOME DISORDERS OF THE NERVOUS SYSTEM IN 

CHILDHOOD. In one small 12mo. volume of 127 pages. Cloth, $1. 

WHARTON (HENRY R.). MINOR SURGERY AND BANDAG- 
ING. New (2d) edition. In one 12mo. volume of 529 pages, with 416 
engravings, many of which are photographic. Cloth, 93. Just ready. 

WHTTLiA (WHililAM). DICTIONARY OF TREATMENT, OR 
THERAPEUTIC INDEX. Including Medical and Surpcal Thera- 
peutics. In one square octavo volume of 917 pages. Cloth, $4. 

WILLiIAMS (CHARIiES J. B. AND C. T.). PULMONARY CON- 
SUMPTION : ITS NATURE, VARIETIES AND TREATMENT. 

In one octavo volume of 303 pages. Cloth, $2.50. 

WILSON (ERASMUS). A SYSTEM OF HUMAN ANATOMY. 

A new and revised American from the last English edition. Illustrated 

with 397 engravings. In one octavo volume of 616 pages. Cloth, $4; 

leather, $5. 
THE STUDENT'S BOOK OF CUTANEOUS MEDICINE. In 

one 12mo. volume. Cloth, $3.50. 

WINCKEL ON PATHOLOGY AND TREATMENT OF CHILDBED. 

Translated by James R. Chadwick, A. M., M. D. With additions 
l)y the Author. In one octavo volume of 484 pages. Cloth, $4. 

WOHLERS OUTLINES OF ORGANIC CHEMISTRY. TransUted 
from the eighth German edition, by Ira Remsex, M. D. In one 
12nio. volume of 550 pages. Cloth, $i3. 

YEAR-BOOK OF TREATMENT FOR 1894. A Critical Review for 
l*metitioners of Medicine and Surgerj\ In contributions bv 24 well- 
known medical writers. 12mo., oOOjuiges. Cloth, $1.50. In combi- 
nation with The Medical News and The American Joubxal 
OF THE Medical Sciences, 75 cents. See p. 1. 

YEAR-BOOKS OF TREATMENT FOR 1801, 1892 and 1893, simiUir 

to ubovi'. Each, cloth, $1.50. 
YEAR-BOOKS OF TREATMENT FOR 1886 and 1887. Similar t« 

abovi*. 12nio., 320-341 pai^es. Limp cloth, $1.25. 

YEO (I. BURXEY). FOOD IN HEATH AND DISEASE. In one 

12nu). vol. of 'AH) pp. Cloth, $2. See Seri^ of Clinical Manuals, p. 13. 

A MAM'AL OF MEDICAL TREATMENT, OR CLINICAL 

TIIERAPErTK'S. Two volumes containing 1275 pages. Cloth, $5^. 

YOUNG (JAMES K.). ORTIK^PEDIC SURGERY. In one 12iiio. 

volume of 475 ))a>res, with '2S6 illustrations. Cloth, $4; leather, $5. 

Jitsf ready. 
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